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Story  of  the  Heavens. 


'  Tmk  Stcry  of  the  HenvMii!"  in  the  title  of  onr  look.     We  laive 
indeed  a  wnndrouH  utory   lo  n»mtc;   and   «>nld  we  tell  it  aJe- 

i^iutely,  it  wniili]  [inive  of  boundleM  interent  and  of  exquisite 
lieanty.  It  U-tuia  to  the  contemplntioit  of  tho  miglttiest  efTorlti  of 
nature  and  the  ^t^tent  aehievemenlii  of  humiin  ^niuo. 

Let  lie  ennmerate  a  fciv  of  the  (lueations  whieh  will  be  natDrally 
asked  by  one  who  seeks  t<i  Icarii  something  of  thoae  glorious  bodies 
whieh  adorn  our  skies :  What  is  the  Sun — bow  hot,  how  hig,  and 
how  distant?  whence  comes  iu  Iieat?    Wliat  is  the  Moon?    What 

[voenery  do  its  lantlseapee  show  ?  how  doee  the  moon  move  ?  how  is 

misted  to  the  earth?     What  of  the  planets — are  they  fr1i>)<e8  like 

tartli?  how  iarpe  are  ihcy,  and  how  far  off?     What  d"   w« 

'  know  of  Uie  sntellitea  cf  Jii|Kti'r  and  of  the  ringa  of  Satiirn  ? 
What  wa»  the  memonihie dii«eovery  of  Uranus?  and  what  wan  tJic 
tnipremc  intelleetual  tniimph  which  bmu^bt  the  planet  Neptune 
to  lij^ht?  Then,  tut  to  the  other  bodies  of  our  system,  what 
are  we  to  tiay  of  those  myslenooB  objecta,  the  cometii?  can  we 
perceive  order  to  reign  in  their  seemingiy  capricious  morements? 
do  we  know  anything  of  iheir  natnre  and  of  the  marvellous  tails 
wit}i  which  they  aru  often  deoonited  ?  What  Con  be  told  about 
the  familiar  sbooling-star  which  so  often  (hi»lio»  into  our  atmo- 
sphere to  perish  in  a  streak  of  cpleiidonr?  What  do  w«  know  of 
thoae  constellations  which  have  been  from  all  antiquity,  and  of 
the  myriad  hosts  of  smaller  Htan  whieh  our  telescopes  disclose? 
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Can  it  be  true  that  these  cnunlleu  orbs  are  really  majoBtU-  «unR, 
sunk  to  an  appalliug  dejith  in  the  abyss  of  uufathomablu  Kpact.'? 
\Vhat  have  we  to  tell  of  all  the  different  varieties  of  stnm — of 
coloured  stars,  of  variable  stars,  of  double  stars,  of  tnultiiilc  vUira, 
of  stars  that  movu>  and  of  stars  that  eeom  at  rvvt?  What  of 
thocc  nioftl  tu]>rcnidj-  glorioti*  i>bj'i><.-ls,  the  great  titar  eluiiters? 
What  of  the  milky  way  ?  And  lastly,  what  una  we  tell  of  tlioMe 
niLmellouit  D«bulii!  which  our  tcle^iopoa  diEelotiie,  jxiised  at  an  im- 
measurable distaDce  on  the  very  conGncs  of  the  universe?  Su^^-h 
are  a  few  of  the  questions  which  occur,  when  wc  ponder  on  the 
inysleiies  of  the  heavens. 

Th«  history  of  Astionomy  is,  in  one  respect,  only  too  like  many 
otlK-r  histories.  Ilie  enrlii-st  |iart  of  it  is  conipI«tcly  and  liojiclfitKly 
unknown.  The  stars  had  Ui-n  studiii),  and  wimi;  givul  iiHtronomical 
disco vericrt  had  Ik-ch  niudc,  untold  ag^w  befon-  thow;  to  which  our 
earliest  liisitonoal  rccordx  vxti-nd.  Kor  example,  the  piTCfptioQ  of 
the  apparent  Riovemontdt,  of  the  aun  and  of  the  nj(ion,and  the  recog- 
nition of  lhi>  pliintrtjt  by  th<-ir  movemcnU,  are  both  to  be  classed 
uiuiing  thuno  distovcri«it  of  tht;  pre-hinloric  a^CK.  Nor  iit  it  to  be 
Miid  that  these  aehi«vemeiiti>  were  nil  of  a  very  obvious  or  ele- 
mentary cbanctiT.  To  us  of  the  pn-seut  day  who  have  bwn 
familiar  with  such  truths  from  childliood,  tliey  muv  now  »evm 
•implc  Mid  rudinieulary ;  but  in  the  inftincy  of  Hcji-niv,  the  iir«t  mnn 
who  arose  to  denionstntte  one  of  these  great  doctrines  was  indeed 
ft  tiio«t  aa^-ious  phil"soph«r. 

Of  all  the  pht-niimrna  of  Astronomy,  the  first  and  the  most 
obvion*  in  tlmt  of  the  rising  and  the  setting  of  the  sun.  We  may 
fairly  conjiwtiire,  that  in  the  dawn  of  the  growth  of  the  human 
intellect  thi*  was  probably  one  of  the  very  first  problems  to  engage 
the  attention  of  those  whose  thonghls  rose  above  the  animal 
anxieties  of  everyday  existence.  A  sun  sots  and  disappears  iu  thu 
we»t ;  that  sun  is  obviously  a  very  brilliant  body,  and  the  simplent 
reflection  su<;k^^Is  that  it  is  a  body  of  very  considerable  imp<irtanc«. 
The  fotlowini;  tnoriiint;  a  sun  arises  in  the  cast,  moves  across  the 
boaveos,  and  it  too  {liMp)Hiu«  in  the  west ;  tJie  same  process  happens 
everyday.    Tons  it  iaobviuua  tlwtthc  sud,  which  uppvant  each  day, 
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IB  the  same  sun;  but  this  wduIJ  not  be  an  obvionii  truth  to  one  who 
lliuu^ht  his  senses  ahon-od  biiu  that  the  earth  was  a  tiat  plane  of 
tndetinite  extent,  and  that  around  the  inhabited  regions  on  all  »de« 
extended,  to  vast  distances,  either  desert  wastes  or  tmcktess  oceans. 
How  could  the  sun,  which  plunged  into  the  oocan  at  a  fabulons 
distance  in  the  west,  reappear  the  next  mominj*  nt  an  equally 
gruat  distance  to  the  east  ?  Ttie  old  mytboloffical  account  asserted 
thiit  after  the  snn  bad  dipped  in  the  western  ocean  at  sunset  (the 
IbcrUns,  and  other  ancient  nations,  actuiilly  ima^ncd  that  tliry 
could  htiir  th«  himinj^  of  the  watt-rs  when  the  (flowing  globe  was 
plungi^^l  tliervtii)i  be  wa«  strizcd  by  Vulcan  and  pliM.<ed  in  a  golden 
gohiet,  and  thus  navigated  the  oeean  n>iind  by  the  north,  m  un  to 
renvh  the  ewt  again  in  tim«  for  Kunrite  tJ>e  following  morning. 
Even  the  more  dober  pliykiciittii  of  old,  ns  wc  are  told  by  Aristotle, 
believed  Iliat  in  mme  manner  the  sun  waa  conveyed  round  over  ttie 
earth's  .turface  by  the  north,  »nd  that  the  darkness  of  night  arose 
from  the  elevation  of  the  northern  lands,  whioh  cut  oS  the  sun's 
light  during  bis  midnight  voyage. 

Kven  in  very  eatly  times  it  was  found  monntional  to  sup- 
pose  that  the  sun  actually  pursued  his  course  down  below  the  solid 
earth  during  the  darkness  of  night.  The  earliest  astronomers  bad, 
moreover,  learned  to  recognise  tlie  fiKcd  stars.  It  was  >een  that, 
like  the  sun,  many  of  these  stars  ruse  and  sot  in  the  course  of  the 
diurnal  movement,  while  the  moon  ubviotisly  foUowed  the  same  law. 
It  thus  became  plain  tiiat  the  various  heavenly  IxiJics  possexsod 
the  juiwer  of  nclually  going  below  the  solid  earth.  Once  it  wm 
itatiw^l  that  the  whole  C'"nt4-nts  of  the  hcavenn  [lerf'irnM'd  iIm«<- 
movemmts,  it  became  possible  to  take  a  very  importunt  xtvp  in  the 
knowtedgu  of  the  eonstitulion  of  tiie  univerne.  It  was  clear  that 
tlie  eortlt  could  not  be  a  plane  extending  to  an  indeRnitely  great 
distance.  It  was  also  obvious  that  there  must  be  a  finite  depth  to 
ike  earUi  below  our  feet.  Nay,  more,  it  beeanw  certain  tlial  what- 
ever be  the  slupv  of  the  earlh,  it  was  at  all  events  eomelhing 
dataobcd  from  all  other  bodiii',  and  poi>c<l  witlwut  visiMe  support 
ID  space.  When  first  presented  to  the  mind  of  man,  this  must  liute 
appeared  a  vety  startling  truth.     It  waa  surely  diflicult  lo  realise 
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lliAt  tlie  solid  earth  on  whioli  we  ntjmd  rcpovod  on  nothing!  What 
in  to  keep  it  from  railing  ?  How  «in  it  bo  poiKol,  Iik«  the  Icjjeiiilnry 
coffin  of  MaUotnot,  without  tiingibii*  BiipiKirt?  But  <lill3cult  ns  it 
in:i_v  Imvc  Iji'i'n  to  rwoiv«  this  <i<M;lrini',  yet  it«  nuccwiury  tTuth 
oommiitKl«d  usscitt,  anil  the-  liret  grcut  step  in  Astronomy  liiid  \tetn 

The  chan^"!!  of  the  Kojwon*  and  the  reenrrence  of  »ecd-time  and 
oi  hiiri-ent  must,  from  the  earliest  time^,  have  been  awoeiatM  with 
certain  change*  in  the  ]x)iiiti(in  of  the  Kun.  lu  the  Kiimmer  at  niid- 
day  the  siin  riaea  high  in  tlie  heavenR,  in  the  winter  the  son  tx 
always  low.  The  .lun,  therefore,  had  an  annual  movement  up  and 
down  in  the  heavens,  combined  with  the  diurnal  movement  of  risins 
and  setting.  Hut  besides  theac  movements  of  the  sun  there  waa 
another  of  no  less  importance,  which  was  not  quite  so  obvious, 
thou;;h  etill  capable  of  being  detected  by  the  simplest  observations, 
when  combined  with  a  philosujihieal  habit  of  rcHeetion.  The  very 
earlieeL  olMervers  of  the  tttar"  can  hardly  full  to  have  noticed,  that 
the  constellations  visible  at  night  varied  with  the  seuHun  of  the 
year.  For  inntanw,  the  constellation  of  Orinn,  which  i»  so  well 
w!cn  during  the  wint*'r  night*,  tx<eoines  invisible  in  the  summer, 
and  the  place  it  occupied  ix  then  taken  by  i]uite  tlifterent  stars. 
So  it  is  with  other  constellations ;  aud,  indeed,  in  ancient  days, 
ibe  time  for  commencing  the  cycle  of  agricnltuntl  occupations 
was  sometimes  indicated  by  the  position  of  the  constellations  in 
the  oveuing. 

Relleotion  on  this  subject  must  have  demonstrated  in  very 
early  tim««  the  apparent  uiinnni  movement  of  the  sun.  It  was 
set^n  thut  the  placfs  of  the  slam,  relatively  to  eiich  other,  did  not 
alter  appreciably,  and  there  could  be  no  explanation  of  the  changes 
in  the  constellations  with  the  seasons,  except  by  sopposing  that  the 
plaoe  of  the  bud  was  altering,  so  as  to  make  the  complete  circuit  of 
the  heavens  in  the  course  of  the  year,  llie  same  concluuon  is 
easily  conltrmed  by  looking  from  time  to  time  at  the  west  after 
sunset,  and  wutching  the  stars.  As  the  w-ason  progresses,  it  will 
be  noticed  that  each  evening  tiie  western  eonatellationa  sink  lower 
and  lower  towards  the  sun,  until  at  length  they  come  sj  near  the 


will  lliat  tlipy  »vt  mi  llie  name  lime  ax  lie  docs.  Tliix  Jti  xiniplj- 
cx])laiiR-<l  \>y  the  suj>|>u»iltciii  tliat  the  sun  is  gniduiiily  but  con- 
tinually riiciii^  u])  fr»in  the  west  to  mct^t  the  stars.  Thi;t  motion 
is  nf  course  uot  to  be  crni founded  with  the  ordinnry  diurnal 
motion,  in  which  all  the  heavenly  bixlies  alike  giirtioigiiit*';  inx^ 
muoh  iui  besides  this  motioii  of  the  whole  heavens,  the  sun  hint  u  nlow 
motion  in  the  opposite  direction ;  so  that  while  the  sun  and  »  star 
may  set  to-day  at  the  same  time,  by  to-morrow  the  sun  will  have 
moved  a  little  towards  the  east,  relatively  to  the  star,  and  thus  the 
star  will  sot  a  few  minutrs  hcfore  the  sun.* 

The  patient  wntehin^  of  the  early  astronomers  enabled  the  sun's 
track  through  the  hcavi-ns  to  be  ascertained,  and  it  wsw  found  that 
in  its  annual  circuit  the  sun  invariably  pursued  the  same  path  and 
traversed  the  same  constellations.  The  belt  of  constellations  thus 
Kpocinlly  distinguished  is  known  by  the  name  of  the  zodiac,  while 
tile  circle  traversed  by  the  sun  is  called  the  eeliyfie.  The  nodinc 
wax  divided  into  twelve  equal  portions  or  "  »\f^s,"  and  thus  the 
stages  on  the  «un's  ^at  jouruey  %vere  conveniently  iudicateil.  In 
the  very  earliest  ti^a,  also,  it  seems  that  the  duration  of  the  year,  or 
the  period  n^iuirtnl  by  the  sun  to  run  its  course  arouml  the  heavens, 
herume  ui.vunvtely  known.  Tlie  skill  of  the  ancient  (^ometers  was 
also  demo  nut  rated  by  the  atcurato  mcaKuros  they  succeeded  in 
making;  of  the  position  of  the  ecliplic  with  rt-pird  to  the  equator, 
and  in  meaaurini;  the  an^le  butwocu  Uiese  two  most  important 
circles  on  the  hi-avc-nn. 

Tile  principal  phenomena  pri;sentei3  by  the  motion  of  the  moon 
have  aliio  Wn  umlenttood  fnim  an  antiquity  Wyoiul  all  historical 
record.  The  slightest  atu-nlion  n-veals  the  imjiorlant  tmth  that 
the  moon  does  not  occupy  a  fixed  position  in  the  starry  heavens. 
Indeed,  the  motion  of  the  nioou  among  the  slurs  is  a  phenomenon 
much  more  easy  to  reciignisc  than  that  of  the  sun  among  the  stars, 
as  daring  the  course  oE  a  aingle  night  the  inovemeut  of  the  moon 
from  west  to  oast  acrosa  the  heaven*  can  be  perceived  with  but 
very  modcrati^  attention.     It  is  moat  probable  that  the  motion  of 

*  It  may,  l^wtvMr,  Ixi  rrmsTkod  thst  a  iit«T  I*  nrvnr  Mm  to  set,  u  owing  l«  onr 
almotj-hmi  it  c«ims  10  be  viiiUo  bofoitt  It  rcMlus  the  hotiam. 
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the  moon  amoiigf  the  stnrs  was  n  ditcovur^  |)nor  to  tliat  of  tlie 
annual  motion  of  tlio  Fttn,  inasmuch  aa  it  depeutU  upim  Kimjile 
ol»ervali<in,  ami  involvL-tt  but  little  cxiTcise  of  hiij-  inlvlWtiml 
fiower.  The  lime  of  ravoliition  of  the  inoun  ha<l  nlmi  U-en  (lis- 
covered,  and  iho  plia*e)i  of  the  nioon  hnd  btvii  correctly  attributed 
to  the  vnrvitijjf  aspect  uoder  which  the  itmi-ilKiininntod  side  of  the 
monn  in  twrtied  towimlu  the  eorth. 

Hilt  even  fhiM  doen  not  exhnuHt  tho  list  of  great  diBCoveriea 
which  have  romc  down  to  us  from  prehiKloric  timca.  Tlie  Rtriking 
phenomenon  of  a  liiiinr  «>clipHe,  in  which  th«  brilliant  eurfoce 
is  plunged  temporarily  into  darkiiexM,  and  tlie  stilt  more  imposing 
spectacle  of  a  solar  eclipse,  in  which  the  sun  himself  undergoes 
A  partial,  or  even  a  total  obeenration,  had  also  been  cort«>ctly 
Fxplnineil.  Tb^n,  too,  the  aciiteness  of  the  early  astronomers 
bad  detected  the  live  wandering  stars  or  planets  :  they  had  traced 
the  movements  of  Mcrcuiy  and  Venus,  Mars,  Jupiter,  and  Saturn. 
Tliey  biu!  olmcrvi-d  with  awe  the  various  conligiinitionM  of  these 
planeiK;  and  jiml  as  the  sun,  and  in  a  lesser  degrt'<^'  the  moon, 
were  intimately  associated  with  the  affairs  of  daily  life,  so  in 
the  imf^nation  of  these  early  investigatore  the  movements  of 
the  jilanets  were  thought  to  be  prcgnimt  witli  human  weal  or 
human  woe.  At  length  a  eortjiin  ilogrce  of  onler  wait  pcrceiv«>d  to 
govern  the  oaprieioim  movementx  uf  the  planets.  It  wait  foutnl 
that  they  obeyed  certain  lawH.  The  cultivation  of  the  tcieiice  of 
geometry  vrent  hand  in  hand  witli  the  study  of  astronomy ;  and  aa 
we  emerge  from  the  dim  pre-historie  ages  into  the  historical  period, 
we  find  that  a  theory  possessing  some  degree  of  eoherence  had 
been  ewtablislied,  to  explain  the  phenomena  of  tho  Iieavciis, 

Although  the  Ptolemaic  doctrine  is  now  known  to  h<.*  Iramed  on 
an  utterly  extravagant  estimate  of  the  true  place  of  the  curtli  in 
the  scheme  of  the  heavens,  yet  tho  a]>pnn>nt  movements  of  thv 
eeU-stial  bodies  are  occounteil  for  by  the  theory  witli  considemble 
accuracy.  This  theory  is  diwribed  in  the  great  work  of  IHoli-my, 
known  as  t!i«  "Almagcwt,"  which  w»«  ivritU-n  in  the  i>«coiid  century 
of  our  cni,  and  for  fourteen  centuries  u-as  ivgardcd  nx  tlie  final 
authority  on  all  i]ucstii>n«  of  axtmnutny. 
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Ptolemy  saw  lliat  the  eli«|)e  of  tli«  larlli  was  glottular,  and  lie 
demonstrated  iliis  Lt  the  ftrguments  wlucb  we  employ  at  tbe 
prment  day.  lie  also  saw  liow  this  mighty  globe  was  poised,  id 
what  he  believed  to  be  the  centre  of  the  univvrse.  tic  admitted 
that  the  diurnal  movement  of  the  whole  heavens  could  bu  accoiintiHl 
for  hy  the  revolution  of  the  eartb  upon  tt^  axis,  bat  ho  aiwigiH.'d 
roHKiins  for  the  deliberate  rejection  of  this  vi«w.  The  enrtli 
acoording  to  bim  was  a  fixed  body ;  it  poBecsscd  noitbt-r  rntiition  iior 
translation,  hut  rcmitined  constantly  at  rest  at  the  c^'ntrc  of  the 
tinivcme.  Tbe  nun  and  the  moon  he  suppoRd  to  move  in  circular 
orbit*  around  the  earth  in  the  centre.  The  moveoientM  of  the 
planets  wen>  more  complimted,  a«  it  wm  nectwuary  to  account  for 
th«  oecaoional  retrograde  motion*  an  well  an  fur  the  direct  motions. 
The  aiMiicnt  geometry  refutet]  to  admit  that  any  movement,  except 
circular,  eould  he  perfect,  and  accordingly  a  coutri^'ance  was  devised 
by  which  each  planet  revoiveil  in  a  circle,  while  tbe  centre  of 
that  circle  described  another  circle  around  the  eartli.  It  roust  be 
admitted  that  this  scheme,  though  so  widely  divergent  fmm  what 
is  now  known  to  be  the  trutli,  did  n-ally  pri-wnt  a  fairly  accurate 
account  of  tbe  movements  of  tbe  plaiietii. 

Such  waa  the  system  of  Astronomy  which  prevailed  during  tbe 
Middle  Ages,  and  which  was  only  finully  overturned  hy  the  great 
work  to  which  Copernicus  devoted  his  lifetime.  The  diwovery  of 
the  true  system  of  the  universe  was  nearly  «imultaneou8  with  the 
discovery  of  the  New  World  by  Columbus.  The  liret  principles 
which  were  cslabi itched  by  the  laUjurs  of  Copernicus,  staled  that 
the  diurnal  movement  of  tbe  heavens  wiis  really  due  to  the  rotatitm 
of  the  cfirtb  on  iln  asir.  lie  whowkd  the  difTcrcnee  bi.tween  tful 
niotionx  and  a]<[Htrcnt  motiunR;  be  ]>roved  that  all  tbe  »p[:eaninces 
of  tbe  daily  rilling  and  Helling  of  tbe  *un  and  tbe  stju"»  eould  he 
just  aa  well  aecuunti-d  for  l>y  ihe  supposition  that  the  enrtli  rtitalcil, 
aa  by  tbe  more  ciindirous  Mupjxjsilion  of  Ftolemy.  Me  showeil  that 
tbe  latter  nuppoiiition  would  attribute  an  almu»t  inlinito  velocity 
to  tbe  atarx,  and  tbitl  tlu-  rotation  of  the  entire  univcru  around  th<> 
earth  waa  really  u  ])ri:poNterDua  tuppoMtion.  Tbe  n-cund  gn-at 
point,  which   it   i«   tl»c   immortal  gWy   of   Co^.timicu*    to   have 
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demoDstrated,  assigned  to  tbe  earth  its  true  position  in  tbe  fabric 
of  the  universe.  He  traneferred  the  centre,  about  whieh  all  the' 
planets  revolve,  from  the  earth  to  the  sun ;  and  he  established  the 
somewhat  humiliating  truth,  that  our  earth  is  after  all  merely 
one  of  the  system  of  planets  revolving  around  the  sun,  and 
pursuing  a  track  between  the  paths  of  Venus  and  of  Mars. 

Such  was,  in  brief  outline,  the  great  revolution  which  swept 
from  astronomy  those  distorted  views  of  the  earth's  importance, 
arising  from  the  fact  that  we  are  domiciled  on  that  particular 
planet.  The  achievement  of  Copernicus  was  soon  to  be  followed  by 
the  iuvention  of  the  telescope,  that  wondrous  instrument  by  which 
the  modern  science  of  astronomy  has  been  created.  To  the  con- 
sideration of  this  most  important  subject  we  may  well  devote 
the  first  chapter  of  our  book. 


CHAPTER    I. 


THE    .mROXOHICAL  OBSBEVATOBT. 


Rulf  Aitronuuiial  OUcniUteni — The  Obaoratory  of  Tjxho  Bnlw— Hib  Paptl 
ol  the  Eje-Yiuoii  of  Fkial  Objccto—Tbc  T«faKi>|»-The  UbjMS^bH— 
AdnuKaga  ol  Lmrga  Tolnnifca— llw  EqiiBtorul— The  Obaemloty—Tba 
Fe*«r  of  •  TtiMMp»— BeOeoting  T«l(at«pta-~Lcird  Koh>  Unat  BadMloc 
■t  FiuwMlawD— How  Uw  mightr  1>lncav«  U  UMil— TIw  IiMnuDMiM  of 
ProcuJoe— 'ilio  Mcridiui  0Ir1« — Tlw  BpUtt  linM — Ddieaej  of  poiirtine  ■ 
Tttoeopi  Tfc«  rntBatioM  wiwoTy  in  nuikiiiK  ObaBrndim*— 1^  IiImI 
jDrtnononl  and  Uit^  l^ctioal  cne— liie  ElimiiutMn  of  &ni^-T1ui  ocdlairy 
Ofto-OhM  ■>  an  AitHMonlM]  iHUununl— Ho  QnaX  Biw^-Coiiniuig  Uis 
6tH«  in  Uw  CmateUatioB — How  to  botoniD  on  ObwiTar. 

The  earliest  tnices  of  tlie  Astronomical  Observatory  are  as  little 
known,  as  the  earliest  di«corerie«  iu  astronomy  itself.  Probably 
the  first  appli^alion  of  ioHtrtiroents  to  the  observations  of  the 
heaTcnly  bodies,  eonsiet«d  in  the  extremely  simple  operation  of 
meaiiurin^  the  length  of  the  shadow  caet  by  the  son  at  noomiay. 
The  variuliuns  in  the  leo^h  of  this  shadow  from  day  to  day,  and 
its  periodical  maxima  and  minima,  furnished  viduablo  information 
in  the  early  attempts  to  investigate  the  movements  of  the  siin.  But 
even  in  rety  early  times  there  were  astronomical  instraincnts  em- 
ployed which  possessed  considerable  complexity,  and  showed  no  vmall 
amount  of  astronomical  kDou-led{^. 

The  first  great  advance  in  thio  Kuhject  wan  made  by  th«  cele- 
brated Tycho  Brah*-,  who  was  born  in  1&46,  threu  rnm  after  tb« 
death  of  CaprrnivUK.  Hid  atlenlion  mcidb  tirst  to  have  been 
directed  to  lutronomy  by  the  C4'lip«c  of  the  auD  nhicli  occtim.-d  <tii 
the  2Ut  Au);tu>t,  1&60.  It  amazed  bii  reflective  spirit  to  find 
that  «o  Buriirtsing  »  pbenofneuon  iulmitt«d  of  actual  prvdietion,  and 
be  drterminr<l  to  devote  bia  life  to  the  study  of  a  science  iMiMteMinl 
of  lueh   wutiderful   pimaioD.      In   the  year   1576   the   Ktiig  of 
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Penmarli  bad  CAtaMihUetl  T^oho  Bnihe  on  the  uiUiid  of  Iluen,  and 
bad  fumielipd  Iiim  with  the  spK'iidid  oWrvatorj'  of  Uranibei^,  It 
was  here  that  Tycho  assiduonsly  oba-ned  the  ]ilaccs of  the  heavenly 
bodies  for  some  twenty  yc^re,  and  ncciimulated  the  oh^rvations 
wlik-li  were  dpstined,  in  the  bnndit  of  Keplcrj  to  lead  to  the  ^reat 
dincovcry  of  the  planetary  movemeute.  Compared  with  our  modem 
n«tronomiral  equipment  Ihe  ^rcat  instnimeuts  of  Tycho  are  but 
■Itiaint  and  primitive  apparatus.  In  hia  days  the  telescope  hod  not 
yet  been  invented,  and  be  eould  only  determine  the  places  of  the 
heavenly  bodies  in  a  comparutively  crude  wiflnner ;  but  his  skill  and 
patience  in  a  great  degree  compensated  for  the  imperfeetiou  of  bis 
inittnimentE,  and  with  him  it  may  be  said  that  the  epoch  of  accurate 
aKlronomieul  observation  commence»<. 

'File application  of  the  telescope  by  Galileo  gave  a  most  wonderful 
impulfc  to  the  study  of  the  heavenly  bodies.  This  eitraoniinarj- 
man  Htan<lK  out  prominently  in  the  hielory  of  astronomy,  not  atone 
fur  his  connection  with  this  supreme  invention,  but  for  his  achieve- 
ments in  the  more  nb«tniet  parts  of  astronomy.  U  nus  Galileo 
who  fir^t  Wd  with  any  solidity  the  foundation  of  the  science  of 
DynamieM,  of  which  astronomy  is  the  roost  splendid  illui<trutioa; 
and  it  wa»i  he  who  expounded  and  upheld  the  f^«t  doctrine  of 
('operni<rus,  and  thereby  drew  down  upon  himself  the  penallivN  of 
the  Inquixition, 

The  Htructure  of  the  eye  itself,  and  more  particularly  the 
exquisite  adaptation  of  the  pupil,  pr(«enlti  a*  with  an  ajit  illustra- 
tion of  ttie  principle  of  the  IvUvcope.  To  M-e  an  ohjtvt,  it  is 
neoeawry  that  the  light  from  that  object  should  enter  the  eye. 
The  portal  tbmugh  which  the  light  enters  the  eye  is  the  pupil. 
In  daytime,  when  the  light  \»  abundant,  the  iris  grwluitlly 
dvcr«-a6es  the  size  of  the  ]>upi1,  and  ns  the  fwrtal  is  thug  con- 
tracteil,  1m»  Iif;ht  can  enter.  At  night,  on  the  other  band,  whi-n 
the  light  W  wjircc,  the  eye  requites  to  gnuip  all  it  <ran.  Tlte 
pupil  thill  rx]:and«,  more  and  more  light  is  admitt4>d  according 
as  the  pupil  grows  larger,  until  it  lengtli  the  pupil  in  dilated  to 
its  utmost  extent.  The  adniiiwion  of  light  is  thus  controlled  in 
the  most  p<-rfect  manner. 
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The  Stan  Mud  ua  tlieir  feeUe  mys  of  liglit,  aud  ttK>s«  raya  form 
iniiiiBd^oatberetiDa;  but,  even  willi  the  most  vndf]y-op(.-ne>i  pupil, 
it  may  liuppcii  that  the  image  is  still  not  bright  enough  to  excite 
tile  KDKkllon  <iF  vision.  Here  the  telescope  comes  to  our  aiil :  it 
catches  all  the  nvii  iu  a  beam  of  dimenaioDB  far  too  lar]ge  to  enter 
the  pupit,  and  concenlniles  those  ray»  into  a  small 
beam  which  can  enter  the  pupil.  We  tJius  luvo 
the  ima^  on  the  retina  inteusified  in  brilliancy; 
in  fact,  it  is  illuminated  with  nearly  as  much 
light  as  would  be  obtained  through  a  pupil  as 
largi;  us  the  object-iflasa  of  tile  telescopo. 

In  our  ui^troDomical  obserratories  we  find  two 
entirely  different  classes  of  telescopes.  The  more 
familiar  forms  are  those  known  as  refractors,  in 
which  the  operation  of  condeDBing  the  rays  of 
liffht  is  eCtrcted  by  refraction.  The  same  object 
can,  however,  be  attained  in  a  wholly  different 
manner  by  the  atd  of  the  laws  of  reflection,  and 
accordingly  many  telescopes,  including  the  moat 
gil^ntic  instnimcDts  yet  erected,  arc  known  as 
rcflcvtOTE.  Tile  ehunicbcr  of  the  refractor  is  gliown 
in  Fig.  I.  The  ruye  from  tlio  star  fall  upon  the 
object-gliUM  which  is  ut  the  end  of  the  tclesco|ic, 
and  after  |Kt»f>in^  Ihmugh  it  they  nr«  refracted 
into  a  converging  iH'uin,  so  that  all  inleraoct  at 
the  focus.  Diverging  from  tJience,  they  encounter 
the  eye-piece,  which  has  the  effect  uf  again  rc- 
ilneing  them  to  parallelism.  The  lar;^  cylindritttl 
beam  which  poured  down  on  the  i)bject-glass  is 
thus  Goncentmted  into  a  ^mall  one,  which  can  enter  the  pupil.  The 
rvmpositc  nature  of  light  rcijuires  a  more  complex  iiirm  of  object* 
glass  than  the  simplu  lens  here  shown.  In  modem  telescopes  we 
employ  what  is  known  as  the  achromatic  object-glass,  which  oon- 
ststs  of  one  lens  of  (lint  gluss  aud  one  of  crown  glass,  combined 
togvth«r. 

It  will  thus  be  apjiarent,  that  the  larger  the  objvct-gUiM, 


Tr«eii» 


Fig.  I.  —  Principle 
of  iho  Ibrfrutiiig 
Xaluuiop#. 


g^realer  the  quantitj-  of  lij^ht  grasped,  »ni  the  greater  will  be  tlie 
succeBB  of  the  telescope  in  revealing  very  faiiit  oljjecla.  Hence  it 
is  that  in  the  efforts  to  increoae  the  powcra  of  their  teleaoo{: 


-^ 


Fig.  3.— lliu  l)unw  ul  Uw  cwulli  IvijuiiturtuI  at  liniiiiiiik  ObMmtory,  Oi>.  l)«Uiii. 

Mch  ftuceocding  nm  of  aatTonomerH  lina  aon^lit  to  ubtuin  lurgper 
object-glauea  tlian  tho«e  which  were  nsed  hy  thotr  j>re<)voc«»on. 

The  ft|ipenraiice  of  an  aslrononiioiil  observatory,  huilt  to  hold  an 
instraRu'nt  of  nio<lerate  dimeDHiu»!i,  itt  tthown  in  the  adjoininir 
fi<pire«.    I1ic  first  (Fig.  2)  rcprescnu  the  dome  erected  at  Dunsink 
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OUcn-atory  for  the  eqnatorial  teI«aoope,  the  object-gksB  of  which 
miK  prfw>nt«(l  to  the  Board  of  Trinity  Colle^f?,  Dublin,  by  the  late 
Sir  Jmiiw  South.  Tlie  miiin  purt  of  the  builtling  is  a  circular  wall, 
on  thfl  to])  of  which  rcpoeos  a  hcmitiphcrical  roof.  In  thix  roof 
IK  a  shatter,  which  van  be  opened  so  »8  to  allow  the  teleec-ope  in 


! 

k 


Fig.  3.^-tioctiun  of  llu  Domo  of  Dimidnk  Obtwrrittory. 


the  interior  to  \te  directed  towards  the  heaveui.  The  wliole  struc* 
turo  rerolvee,  eo  that  the  openiiiff  may  be  pointed  to  any  part  of 
the  sky  which  it  is  desired  to  examine.  Tlie  next  view  (Fig.  S) 
exhibits  a  scct4on  o£  the  roof,  ehowin);  the  machinery  by  which 
the  iittfndnut  causes  it  to  revolve,  ne  well  as  the  telescope  itself. 
Tile  eye  of  tho  observer  is  at  the  eye-piece,  and  he  is  in -the  act  of 
turning  ii  bundle,  which  him  the  power  of  slowly  monn^  the 
tttkncope,  ill  onkr  to  direct  the  iiiEtniment  towards  any  point  that 
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iratr  ht  tioMnril.  A  tult>sra]w  mounlvO  in  tli«-  mannor  here  slionn, 
i«  ■■ailfd  nn  ii]uiit(>ri*l.  Th«  convpnience  of  the  e«jiutorial  fonii  <>f 
mounting  Hot  in  the  «in?  witli  wliich  llio  telescope  can  be  moved 
BO  KM  to  fiillow  iinjr  or|(«ti>l  "hjccl  in  its  .ion nicy  around  tlie  sky. 
Tlie  neni-wiarv  niiivi;in«nt»  an  jfiren  \>y  clockwiirk,  so  that,  onee 
the  JDnlniment  liiui  been  cnirvctly  p(>iiit«^i],  and  thv  clockworlc 
started,  lln;  ctjir  will  reiniiiii  in  the  olHwncr's  fiuW  of  view  not- 
withitlun<liti^  thi-  apjinrcnl  diurnal  movement.  Tho  two  lenses 
whieli  to^jethor  fiirm  the  objcct-gljiwi  are  in  tliix  cii*o  twelve  iiichw 
in  tlianieter,  and  it  ix  on  the  eoTroiitneM  uf  th«  objectivo  that  the 
(fofid  perfoniiniiee  of  the  tfli'seojH-  mainly  depMKln.  Tlic  eye-pieci' 
(^^nsisti*  merely  of  one  or  two  smalt  leiines ;  \'3)ri(>iis  cyi'-pieew  can 
be  froplnyvt],  neeordinp  to  the  mnf^iifyiiig  power  whivh  may  l>e 
desired.  It  is  to  be  obKcrve<l  that  for  mutiy  piirfMnses  of  aRtrunomy 
hiffhly  magnifying  jinwerK  are  not  deninible.  Th<-  olni'el-gloM'  mil 
only  gmitp  a  oertain  quantity  of  light,  and  if  the  inugiiifying  power 
bo  too  grenl,  the  light  will  be  thinly  dixpeised  over  ■  largt-  mirfaev, 
nnd  till*  roult  will  be  unstutiifaetory. 

Till-  power  of  a  rcfraeting  telescope — so  far  as  the  expression  liM 
ii  delinite  meaning— is  meHsiire<l  by  the  diameter  of  its  object -glaas. 
There  has,  indeed,  been  some  decree  of  rivalry  between  the  variuiw 
eivili*ed  natiotis  as  to  whieh  should  pi-swi-K";  llie  greatejil  n-fmetinff 
teleseopc.  Among  the  largest  t*'leKfii|>-s  of  this  ty[K>  the  world 
has  yet  seen,  i»  that  rreenlly  eomtruett'd  by  Mr.  Uowknl  tinibb, 
of  Dublin,  for  tlic  splendid  olwer^'atory  at  Vienna.  This  great 
initlruniiiit  is  represented  in  Fig.  1.  The  dimensions  of  it  may 
1m!  estimated  from  tlie  fact  that  the  obje.-t-gIiiM  is  two  feet  aiMl 
tJirott  imdiM  in  diameter.  Many  ingenious  contriraneea  obviute 
the  ineoitvenieDocB  ineident  to  tJie  use  of  nn  in»trument  of  siii-li 
vast  |>roportiAnit.  Vie  may  here  only  notice  the  method  by 
which  the  graduated  circles  attaehcd  to  the  le1cwD{ii>  are  brought 
within  easy  view  of  the  obdervcr.  Tln-Ae  eircles  are  siltutted  nt 
iwrta  of  tho  instrument  very  remote  from  the  eye-jrieoc  at  which 
tJie  observer  is  sliitioned.  They  c«n,.  however,  be  reulity  aeon 
by  email  ntixiliary  telescope  tubes  (shown  in  the  %ure,  close  to 
the  eye-pi«c«),  which,  by  suitable   reflectors,  conduct  the  rays  of 
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light   from   the  illuminated  circle*   to   tlie  eye  of   tbo  olMerver. 
Tli«  clock  movement  of  Uiia  great  intitrument  ia  also  not«wortlijr 
lu  it  is  coittn>tleil  by  i-ti-ctrioity,  so  thut  the  mighty  tube  EollowsJ 
tlie  atar  with  almoiit  niatUi;mHticaI  preeisioit. 

Niimeroua  refracting  tvleiwopeit  of  exquisite  perfection  hare 

]<nMlucMl  by  Messre.  Alvan  Clark,  of 
it        !      ;  Cambridgeport,   Bi^ston,  Mitse, 

mi;   of    their    infltruments    has 


from  tKa  SUr 


gmdnally    increasing,   and  they 


rver. 
!low«H 

k,  of 


W'i 


recently  completed  a  gigantic  telescope 
with  an  ohject-^lass  of  no   less  tbtui 
thirty  inchce  in  diami-ter  for  the  Ru*-, 
stftn  aelronomcre.  ^H 

Cnn  icfrnctiiig  tfle«ro|>C»i  1)0  ooo-^^ 
fitructed  of  stilt  gn^tter  dimmnoos? 
The  prvscnt  limit  to  tlw  iizi;  of  U» 
refractor  chiefly  IJvs  in  the  mittcriul  of 
thf  objcct-gIa««.  Ghus  maniifactarcrs 
experience  great  difficulties  in  any 
attempla  to  form  large  Axbim  of  0|>ti- 
cal  glass  pure  enough  and  imiform 
enough  to  be  suitable  for  lelest^'opea. 
Tht-M?  difficulties  increaao  with  every 
increase  in  the  size  of  the  inKtrument, 
and  at  the  present  moment  thin  ts  the 
chief  impediment  to  the  <'or»tnivtioti 
of  rvFructing  tele«e(>]>es  of  the  lurgeei 
dimennons. 

Tlierc  i«,   however,  \hc  altiinative 
method  of  couxtructing  a  t<-lr«eoite,  in  which  thiv  <ltfKcuIty  doca  not 
The  simplest  form  of  ri'llcclor  in  thiit  hIiowu  in  Fig.  ft,  which 
the   lleNchelian  instrument.     The  m\'a  from  the  star 
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reprtMDts 

full  on  a   h«-autifully   polished   iind    oatefulty   aha)«d   mirror,    ao 

that,  after  the  rullcction,  they  proci'ei]  to  ■  f<v!us,  and  diverjginff 

tliciico,  fall  on  the  eye-piece,  from  which  they  emerge,  reduced  to 

purallelixm  and  fitted  for  reception  by  the  eye.     It  is  essentially  on 
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this  principk',   thoufrli   with  bd    additional   reSection,    thut 
mightiest    toleBcopc    iu    existence   has    been    constructed.      Thi* 
reiiowiiwl  inatnimcnt,  koown  wherever  science  is  known,  was  built, 
forty  years  ago,  by  the  late  Earl  of  Robbb  at  Pareonirtowii.     The 
colossal  dimensions  of  this  instrument  have  never  bcvn  surpoMted ; 
they  have,  indeed,  never  been  rivalled.     The  reflector  in  this  c«ac  m 
a  thick  metallic  disc,  consisting  of  an  alloy  of  two  part*  of  copper 
to  one   of  tin,  forming  a  bard  and  brittle  metal  intractable  for 
mechanical  operations,  but  admitting  of  a  brilliant  {lolisli,  and  of 
receiving  and  retaining  au  accurate  6gure.     The  great  reflector 
six  feet   in   diameter — reposes  at   the  end  of  a  tube   sixty   fi 
long.     This    tube   is   mounted   between   two  castellated  walla 
masonry,  which  form  an  imposing  feature  on  the  lawn  at  Birr 
Castle,  as  represented  iu  Yig.  6.     This  iostrament  does  not  admit 
of  beiog  directed  towards  any  part  of  the  sky  like  the  equatoriaU 
we  have  recently  been  considering.      The    (fiwat  reflector  is  Onlj^v 
capable  of  an  up  and  down  movement  along   the  meridian,  Hi^H 
of  a   Hmall   lutorul   movement  east   and   west  of   the   moricUkB.  * 
A    little    consideration    will,    however,   show  that,  though    the 
telescope  cannot  at  any  moment  be  directed  to  any  particular  atafj 
yet  that  cuclt  star  visible  in  the  latitude  of  Parsonstowri  otn 
observed  when  looked  for  at  the  right  time. 

As  the  object  is  approaching  tbo  mcridiuu,  he  it  planet 
comet,  star  or  nebula,  the  telescope  is  raised  to  the  right  heig^h' 
This  is  accompliifhed  l>y  a  chain  passing  from  the  moutli  of 
the  instrument  to  a  windlass  at  the  northern  end  of  the  walla. 
By  this  windlass  the  tvlcsuoiM  can  be  raised  or  lowered,  and  an 
ingenious  system  of  counttrpoisM  ivndcrs  the  movement  equally 
easy  at  all  altituiles.  The  observer  tlicn  takt*  his  station  in  the 
lofty  gallery  which  givtw  access  to  the  cye-picoe;  and  when  the 
right  moment  luuc  arrived,  the  object  enters  the  Geld  of  view, 
A  vast  clockwork  mecluinism  at  the  lower  end  of  the  tube  givee 
movement  to  tlie  great  instrument,  so  that  the  object  can  be^ 
followed  by  the  observer  until  ho  bos  made  hU  measurementa,  or 
ftni«h(s]  his  drawing. 

It  will  thus  be  mvq  that,  notwithstanding  the  stu|)endou«  size 
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of  this  t«l«scope  (tho  tube  is  largtt  ououfrh  for  a  tall  man  to  walk 
Uirouffh  without  BtoopiDfr),  it  is  com [<arati rely  uwy  to  ob«crv«  with. 
It  must  not,  howevn-,  be  ncmmwl  tliiit   for  nil   the  purposes  of 


Tig.  7.  —  Mi.'riJiiui   Cirvlc 


aotTotiomj'  an  instniment  so  colossal  is  tbe  most  suitable.  Th« 
mighty  reflector  is  chiefly  of  use  where  very  faint  objects 
are  to  be  sought  for;  but  where  accurate  mejuurcmcnls  an 
n-quinsl  of  objects  not  unusually  f&iat,  telescopes  of  smaller  (Ii< 
mcnsiouB  and  of  iliffcrent  coiixtruclioQ  are  more  Huilable.  AmoDg 
the  other  grvat  rcllvctun,  we  may  mcotioa  thut  coustructud  by 
c  2 


THE  STOItY  OF  THE  JIEAVSHS. 


poMMlH 


Mr.  Common,  of  Ealing,  thre«  feet' in  aperture,  whio'n 

firreat    optica)    perfection    an<t   hae    done    excellent    astronomic*] 

work. 

Tlic  fiiii<I»mental  truths  of  the  movcmenU  of  the  heaveolf 
ImkIic*  have  Iwcn  chiefly  learned  from  the  work  of  iniitnimenU  of 
comparatively  moderate  telescopic  power,  xpeoioJIy  amng«Kl  to 
<-nable  precise  mt^ajturea  of  )NKution  to  he  secured.  Indeed,  in  the 
early  Btagea  of  axtroiioiiiy,  iniportant  obitervationii  of  poaitiou  were 
obtained  by  contrivances  which  showed  the  direction  of  the  object 
without  any  telescopic  aid. 

Id  our  modern  observatories  the  most  important  measureoicnts 
are  those  obtained  by  that  moat  accurate  of  all  instmmenta  of  pnr- 
ctsion,  known  as  tlie  meridian  otrote.  It  would  be  out  of  plaoe 
to  attempt  to  give  here  any  minute  description  of  this  instrumenti 
even  in  any  of  ita  multitudinous  forms.  It  is,  however,  equally 
impossible,  in  any  adequate  account  of  the  Story  of  the  Ileaven:), 
to  avoid  some  reference  to  this  fundamental  instrument;  am) 
therefore  we  shall  give  a  very  brief  account  of  one  of  the 
simpler  forma,  choosing  for  this  pur|>ose  a  great  instrument  in 
the  Paris  Observatoiy,  which   is   represented   in   the   iliostration 

(Fipr.  7). 

The  telescope  is  attached  at  its  centre  to  an  axis  at  rij^ht 
angles  to  its  len^h,  The  pivots  at  the  extremities  of  this  axis 
rotate  in  fixed  bearings,  so  that  the  movements  of  the  telflf 
cope  are  completely  restricted  to  tlie  plane  of  the  meridian.  In- 
side the  eye-piece  of  the  teioesopc  extremely  tine  vertical  lines  an 
stretched.  The  ol>Kcr>'cr  watches  the  moon,  or  star,  or  planet, 
or  whatever  may  be  the  object,  enter  the  lit'Id  of  view;  and  he 
notes  the  wcund,  or  fraction  of  a  wcond,  by  the  clock,  as  the  star 
{MiMcH  ov«r  each  of  tJic  lines.  Tlic  circle  attached  U>  the  teles- 
coi>e  is  divided  into  de^rvm  and  subtliviisions  of  a  degree,  and  tJiit 
oirol«,  which  moves  wttli  the  telescope,  will  indicate  tlie  e1eva< 
tion  at  which  the  telescope  is  luititttd.  For  the  accnnttc  readtnit 
of  the  circle,  microivopes  are  used.  Ilictte  microfcopes  an>  abowv 
in  the  sketch,  each  one  being  fixed  into  an  aperture  in  the  wall 
which  supports  one  of  the  pivots.     At  t)»c  o]>posite  side  is  »  lamp, 
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the  ligtit  from  which  [xuisce  through  the  prforntt^  pivot  imd  it 
ihtsux  dcflccUd  to  ilhimioatc  the  lines  at  tbi>  focus. 

Tbe  linea,  which  the  observer  sees  stretched  over  the  field  of 
Tiew  of  the  tcleitcnpc,  demand  a,  few  words  of  expLaDation.  We 
require  tor  thi«  purpose  a  hue  which  shall  he  very  fine  aiid  iliiruble, 
elastic,  and  of  little  or  no  wi^if^bt.  These  conditioiiii  i^snuot  lie 
completely  fulfilled  by  any  metalUc  wire,  but  thoy  are  toost 
ejsquisitely  fulfilled  in  the  beautiful  thread  which  is  sjmu  by  the 
spider.  These  goesacuer  thr«ad«  are  stretched  with  nice  xkiU 
across  the  field  of  view  of  the  telexcope,  and  secured  in  tiiL-ir 
projier  places.  With  inatruments  so  furnished,  it  is  easy  to  under- 
sliind  the  precision  of  modern  observations.  The ,  telescojM  is 
directed  towards  a  star,  and  tbe  ima^  of  the  star  is  a  minute 
point  of  liflht.  When  that  point  is  made  to  coincide  with  the 
intereection  of  the  two  oentral  spider  lines,  the  tele§cope  is  properly 
aightod. 

We  use  the  word  sighted  designedly,  becuuxe  we  witih  to  suggest 
a  comparison  between  the  sighting  of  a  rifle  at  thi;  target  and  the 
sighting  of  a  telcscoi>e  at  a  star.  Instead  of  the  large  bull's-eye 
of  II  nllc-tnrgct,  suppoitc  that  tbe  target  only  coiitttin<-<l  nn  ordinary 
watoh'diul;  the  riflemau  would  not  be  able  to  itight  the  dial. 
But  with  the  telescope  of  the  meridian  circle  wc  oould  canly  see 
the  watoh-dial  at  the  distance  of  a  mile.  The  meridian  circle  hiui, 
indeed,  sticli  delicacy  as  a  sighting  instrument,  that  it  could  be 
pointed  nqjurately  to  each  of  two  stars,  which  subtend  at  the  eye 
an  angle  uo  greater  than  that  subtended  by  an  adjoining  pair  of 
the  sixty  minute  dots  around  the  circumference  of  a  watch  dial  a 
mile  away. 

This  delicacy  of  sighting  would  be  of  little  use  were  it  not 
oonibined  with  arrangements  by  which,  when  the  telescope  has 
been  potntiMl  correctly,  its  position  cnn  be  awcrtained  and  recorded. 
One  element  is  secun^d  by  Uie  nittrvnomic-ul  clock,  which  gives  tlie 
moment  when  the  oiijcct  croi<scs  the  central  vertical  wire ;  (bo  other 
[element  is  given  by  tlie  graduated  circle  which  reads  the  zenith 
ilistanoo. 

Superb  meridian  inslmmeuts  odoni  our  great  obeen'storicK,  nod 
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are  nightly  <}eyotod  to  those  measurcmento  npon  which  tbe  f^ml 
truths  of  aatroDomy  are  maiiily  based.  These  instruments  are 
made  with  every  refinement  of  skill ;  but  it  is  the  duly  of  the 
painstaking  astronomer  to  distniat  the  ncciiracy  of  his  instmmnit 
in  every  ooncmvable  way.  The  great  tube  may  be  as  npd  a 
striicture  as  tneohaoicsl  engineers  can  produce;  the  diviaions  on 
the  oirrle  may  have  been  engraved  by  the  most  perfect  mochanics) 
oontrivance ;  but  the  conscientious  astronomer  will  not  rely  upon 
mechanical  preeision.  Tlmt  meridian  circle  which,  to  tlio  unin- 
itiated, seems  a  marvellous  piece  of  workmanship  potuwMing 
almost  illimitable  nccuracy,  is  presented  id  a  different  light  to  the 
actronomcr  who  makes  use  of  it.  No  one  can  apprcciiitc,  tndc«d, 
*o  fully  as  he,  the  skill  of  tlie  artist  who  hiis  mnde  it,  and  tlie 
numerous  heauiiful  contrivances  for  illumination  and  reading  off, 
which  give  to  the  inxtrument  its  perflation ;  but  while  be 
recogiiiGes  the  lx!uuly  nf  the  actual  mai.'binc  he  i.t  u.iiiig,  the 
aetronomer  has  always  before  his  mind's  eye  an  ideal  instrument 
of  absolute  jwrfection,  to  which  the  actual  meridian  circle  ooljr 
makes  an  approximation.  Contronted  with  tlii*  ideal  instranumt 
the  best,  meridian  circle  is  little  more  than  a  mass  of  impcrfectioD*. 
The  ideal  tube  is  perfectly  rigid,  the  octnal  tube  is  flexible; 
the  ideal  divisions  of  the  circle  are  all  ])erfectly  uniform;  the 
actual  diviitions  are  not  uniform.  The  ideal  instrument  is  a 
gvonetrical  embodiment  of  perfect  circles,  perfect  straight  lines, 
and  perfect  right  angles ;  the  actual  instrument  can  only  give 
us  approximate  circles,  approximate  straight  lines,  and  approxi- 
mate right  angles.  Perhaps  the  spider's  part  of  the  work  is  on  ths 
whole  tlie  best ;  he  gives  us  the  nearest  mechanical  approarb  to  a 
perfectly  straight  line ;  but  we  mar  his  work  by  not  being  able  (o 
put  in  his  beautiful  threads  with  perfect  uniformity,  while  our 
attempts  to  stretch  two  of  them  across  the  field  of  view  at  right 
ftngles,  do  not  succeed  in  producing  an  angle  of  exactly  ninety 
degrees.  Nor  aro  the  difficulties  encountered  by  tlie  meridian 
observer  solely  due  to  his  instrument.  He  has  to  contend  with  his 
own  want  of  skill ;  he  has  often  to  allow  for  personal  peculiarities 
of  an  unexpected  nature;  the  troubles  tliut  tlw  atinospberc  con  give 


TBS  ASTBOSOMICAL  OBSESrATOBT. 


88 


him  arc  notoriout ;  while  tfa«  levelling  of  hia  iaatmmcnt  telU  faira 
that  be  cannnt  even  reiy  on  the  solid  earth  itself.  The  mendiaa 
drele  shown  that  the  eartlKjaakea,  which  aometiniee  startle  ns,  are 
merely  the  more  conspicaoos  instances  of  incessant  and  nniversal 
movenwnts  in  the  earth,  which  every  ni^ht  in  the  year  derange 
the  delicacy  of  the  instrument. 

When  the  existenoe  of  these  errors  has  been  recoffnised,  the  find 
frreat  step  has  l>eeD  taken.  By  an  alltanc«  between  the  astltHMMlMr 
and  the  matfaematician  it  is  possible  to  measnre  the  differenow  and 
tHe  irre^htfities  which  aeparate  the  idea]  meridian  circle  £rom  the 
actual  meridian  circle.  Once  this  has  been  done,  it  is  poesiblc 
to  estiioate  the  effect  which  all  the  imgulanttes  can  prodnct  on 
tbe  observations,  and  finally,  to  purge  the  obMrvntioos  fnn  tba 
yro— Br  errors  with  which  they  are  contaminated.  We  tbna  have 
observations,  not  indeed  mathematically  accnrate,  but  rttll  eloae 
Approximations  to  those  which  would  bt  obtained  by  a  perfect 
observer,  using  an  ideal  instniment  of  geometric*)  aeeoracy,  stsndin^ 
on  an  earth  of  absolutti  rigidity,  and  riewini;  the  heavens  withont 
the  interveotioD  of  the  atmo«pherc. 

It  is  not,  however,  Dcocesary  to  use  Koch  great  instramenls  as 
those  jnst  described  in  order  to  obtain  i»n>c  idea  of  the  aid  the 
telescope  will  afford  in  showing*  the  celtvlial  glories.  Hm  most 
suitable  inslniment  for  commencing  astronomic*!  ttudie*  is  within 
ordinary  reach.  It  is  the  ordinary  binocular  that  a  captain  naca  on 
board  sliip;  or  if  that  cuinot  be  had,  then  the  eommon  opet«.^la« 
will  anNwer  noaHy  ak  well.  This  ia,  no  doubt,  not  ntsrly  bo 
powerful  aa  n  Urge  telescope,  hut  it  has  some  compenMting  advan- 
laget  which  the  tcIcMope  doe*  not  posaeaa.  The  opem  glaas  will 
survey  a  large  rt-gion  of  the  aky  at  once,  while  a  telcsoope  only 
looks  at  »  small  fart  of  the  sky.  Let  na  snppoae  that  the  obatrw 
is  firovidcd  with  an  opera-glass  and  ia  about  to  coanMnce  bis 
astronomical  studio. 

the  Rrst  step  ta  to  become  acqaainted  with  the  very  renowned 
group  of  seven  stars  wlwli  is  represented  in  Fig.  S.  It  ia 
often  called  the    Plough,    but    astrooomers    prefer   to  regard   it 

a  portioa  of  the  cotwtcUation  of  the  Great  Bear  (t'lm  Major). 
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There  kk  mtkny  tcaturm  of  intereet  in  this  coastelUtion,  ux)  tlis  I 
lieginiier  should  Wrn  tu;  sooo  as  possible  to  identify  the  wvm 
remarkable  atare.  Of  tho)iC  the  two  stare,  a  and  fi,  at  llie  Itead  of 
the  bear  are  geDcrally  evllwl  tbu  "  pointers,"  Thcj-  are  of  apecial 
USD  in  a.stronoiny,  Wi'»um;  tlioy  enable  us  to  find  out  the  moat  in- 
jiorlant  star  \a  the  wltolc  sky,  uhich  is  known  as  th«  "  pole  sUr." 
We  shall  return  In  n  later  (liapti-i-  to  the  study  of  the  different 
cunstullntions.  Our  preneut  obj**t  Ib  a  simpler  one ;  it  is  merely 
to  employ  the  Great  Bear  as  a  means  of  t«aching  us  how  vast  is 
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tbe  rithno^fi  of  the  heavcnii  in  stars.  Each  stutlent  of  satm- 
uomy  is  reooni mended  to  make  one  very  simple  Dbservation  on  the 
Great  lieitr,  whiob  will  g'ive  a  woudrous  caiiceptioD  of  what  th« 
t«leecopo  oun  do,  and  will  also  reveal  in  a  very  itnprcuive  nuuiDvr 
the  (;lori(ut  of  tbe  stairy  heavens. 

Fix  Ibe  uttention  on  that  rc^on  in  the  Great  Ittur  bouudod  by 
tlio  four  ntars  a  ff  -f  S.  They  form  a  sort  of  rectangle,  of  which 
the  atant  named  are  the  corners.  Tlie  next  line  night  try  bimI 
roiiiit  how  many  stai-s  arc  visible  within  tliat  reitangle.  Tlieno 
are  no  really  bright  stars,  but  there  are  two  or  three  BuHlcJviitly 
hrigbt  to  bo  easily  seen.  On  a  very  fine  nigiit,  when  tJieie  is  no 
moon,  perhaps  a  dozen  might  be  perceived,  or  even  more,  acoording 
tu  the  kM-nness  of  the  eyesight.  But  when  the  open*gbua  is 
directed  to  the  same  region,  a  most  interesting,  and  indeed  astonish. 
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ing  aigfat  will  be  witnenuMl.  iDttlaad  of  tli^  few  sUn  which 
were  seen  before  witli  dillicult^',  a  hutitlretl  stars  or  more  can  qow 
be  aeen  willi  Uie  ^reaUwt  eajtc.  The  o|ieni-gU»  will,  indeed,  easily 
diwloee  ten  times  aa  many  stara  u  could  be  seen  witli  tbe  nnaidod 
eye. 

But  eren  tlie  opera-glass  will  not  show  nearly  all  the  stars  in 
lliis  region.  Any  good  telescope  will  rereal  hundnidB  of  stars  too 
faiut  for  tl>e  opera-glass.  The  greater  the  telescope,  the  mom 
nitmeruus  tlw  atara ;  so  that  in  one  of  th«  colossal  instruments 
lliis  region  would  he  found  studded  with  thousands  of  stars. 

We  have  chosen  the  Great  Bear  for  the  purpose  of  this  illustra- 
tion, bi-cauKeit  is  more  generally  known  than  any  other  eonstellatiun. 
But  tlui  Great  Bear  is  not  exceptiooally  rich  in  stars ;  any  otlicr 
jiart  of  the  sky  would  etjually  well  hare  dumonstratcd  the  grand 
truth,  that  the  stars  whieh  our  unaided  eyes  disclose,  nr«  only  an 
exceedingly  small  fraction  of  the  entire  ntimber  with  which  the 
whole  heaven  is  teeming.  To  tell  the  number  of  the  stars  is  a  task 
which  no  man  has  aooomplibhed ;  but  various  estimates  have  been 
made.  Our  great  t«l«acoi>e8  can  probably  show  at  least  60,(lOU,UO0 
stars,  There  would  he  a  star  apiece  for  every  man,  woman,  and 
child  in  the  United  Kingdom,  and  there  would  still  remain  a  liberal 
margin  for  distribution  elsewhere. 

The  student  of  the  heavens  who  uses  a  good  lefiucting  t«W- 
(■opo,  having  an  object-glass  about  three  inches  in  diameter,  will 
find  ampk-  and  delightful  Q<%iipation  for  many  a  fine  evening.  He 
ahould  alfo  be  provided  witli  an  athiti  of  tli«  stars,  while  a  copy  of 
the  "Nautical  Almanue,"  and  of  Webb's  "CeUtiul  Olijcctti  for 
Comnwn  Tek-*c«pcs,"  will  form  a  sufhoiently  complete  actroiwmical 
equipment  for  much  interesting  occupation. 


CHAPTER    n. 

THE   SUX. 

Thcr  Tut  Sixe  of  the  Sun — Holtar  Uutn  Fiuins  Platuium— 1«  the  Son  tb»  Soium  «t 
Hunt  (<ir  thu  Enrlh  F— The  Sun  is  92,700,000  mil«B  diaUnt— lln*  b>  rcaluc 
thn  inagnitiide  ot  this  ilu!tunc«— Diiy  uid  Niffht  [.mninduii  mnd  Nua-Liuiiiiiout 
Itodiw—Contnut  between  tlie  Sun  and  tbo  8lan>— Thn  8im  a  Ktor— Th*  B^kot*  «■ 
Uiu  Bun — Cluitgei  in  the  Form  ot  a  Spot— Thoy  Mt-  UopreadoDi  on  the  Suriw* — 
111*  ttotatrun  of  the  Sun  on  ita  Axis— The  8ix«  lud  Weljtht  of  th«  Sua— Ii  th« 
Sun  a  Solid  Body  F— View  of  »  Tj-pical  Sun-Spot— Poriodicity  ot  tli*  San-SpoU 
— Cimnoction  botwoon  the  Sun-SpoU— TcrrMtrial  Mugnption— The  FacMlio — 
The  Unmulaliiil  Appmranoe  of  the  Sun—Tho  HroTnincnoM  •nmmulin^  A* 
Sun — Talal  Erlipm!  ti(  Ih«  Bun — Siiee  imd  Movement  of  tlio  ProutlMHMa — 
Drawing!  of  the  ObjvrM,  colourod— The  Coroou  KuirounduK  tbe  Bon— 'n* 
Heat  of  tlii>  8un. 

In  cotDiuendn^  onr  examination  ot  the  orbs  whicli  Burn)»n<I  us,  wo 
naturally  begin  with  our  poerlesa  auo.  Ilia  eplcixlid  bnlli&nce 
gitet  him  the  pre-eminence  over  all  other  celestial  hwlics.  The 
proportions  of  tht?  sun  are  cotnmenBurate  with  htt>  importiincM;. 

Anlroiiomura  uro  actually  iible  to  mouun;  th«  nun ;   mm!  they  I 
find  that  hi«  dimimHionH  arc    bo   gnal  tut  to   tax    our    iitu^toa- 
tion  to  realJKC  thrm.     Thii  <ltimiet«r  of  the  hud,  or  the  length  of 
the  axix,  jHuwing  thmugh  the  centre  from  uii«  Ht<le  to  thu  other, 
ii  8(ij),00()  milM.     Yet   thin  bare   sUt«tneDt   of    the  ctimcosioDs 
of  the  great  globe  fail*  to  awaken  an  adeqitate  idea  of  it<  vast- : 
nenM.     If  a  niilway  were  luid  round  the  oun,  and   if  wc  were  to 
start  in  an  exprcfw  train  moving  nixty  miles  an  hour,  we  should  j 
have  to  travel  night  and  day  for  five  years  without  intermiwiioa 
before  we  had  aceomplinhed  our  journey, 

If  the  sun  be  e\>in[iikni]  with  tlie  oize  ot  the  »rth.  its  atupendoaij 
bulk  becomes  still  more  apgiarent.     Suppose  his  globe  were  out  Up  , 
into  ono  million  parts :  each  of  these  parts  would  appreciably  exceed 
the  balk  of  our  earth.     Were  the  sun  placed   in  one  pan  of  %. 
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migliiy  wishing  balancr,  ftnd  were  300,000  bodietu  botvjr  as  our 
earth  placed  in  thts  other,  th«  mti  would  still  t«im  the  anle.  Fiff.  9 
eshibit*  «  large  white  vircle  and  m  very  imii])  one.  These  circles 
are  drawn  to  exhibit  thv  comfsnitive  kLm  of  the  earth  and  the  ran, 
the  unuill  circle  Iwitij*  the  earth  and  the  largv  one  the  nin. 

The  ttrmjieratun'  uf  the  nun  has  an  intenxity  far  surpassing  the 
preateflt  t«niperaturc  wc  can  artilicially  produce.  In  our  lalxxru- 
tories  we  tend  a  galvanic  ourreot  through   a   ]iiece  of  platinum 


Fig.  B.— Oonpuatirc  SIms  of  the  Yaxib  and  thn  8un. 


wiro.  The  wire  firxt  becontea  r*d.hot,  then  white-hot;  then  it  is 
itlmont  of  dazzling  brilliancy,  until  it  rune*  and  break*.  The 
t«m|]erBt«re  of  the  melting  platinum  wire  could  hanjiy  be  fur- 
pauied  in  the  most  elaborate  furnaces,  but  it  falls  far  abort  of  the 
temperature  of  the  sun. 

It  must,  however,  be  ndmittcd  that  there  is  one  aoeming  dis- 
crepancy between  the  fiict  of  the  sun's  high  temperature  and  a 
well-known  physical  fact.  "  If  the  sun  were  hot,"  it  Itaa  been 
said,  "  then  the  ncarvr  wc  get  to  the  sun  the  hotter  we  should  bo ; 
yet  this  is  not  the  case.  On  the  top  of  a  high  mountain  wc  are 
nearer  to  the  bod,  and  yet  everybody  knows  that  it  is  much  colder 


#1111 ;  yet  up  there,  instead  of  addition^]  warmtJi,  we 
find  «t«riial  eituw."  A  simple  illustration  will  dispose  of  tliia  diffi- 
culty. Go  into  »  greenhouse  on  a  sunsliiny  day,  and  we  find  the 
tcmpentturc  much  hotter  there  than  outside.  Thu  glass  will  allow 
tlw  hot  aunbcamB  to  enter,  but  it  refuses  to  allow  them  out  again 
with  equal  freedom,  and  consequently  the  t4:in|)erutur«  riMew.  Out 
whole  eaiUi  is  in  this  way  to  be  likrnutl  to  n  greenhouse,  only, 
instead  of  the  pancB  of  glass,  wc  arc  envelojied  by  an  enormous 
coating  of  atmosphere,  ^^'hen  we  are  on  tlie  «arth'd  surface,  we 
are,  a«  it  were,  inside  tlie  greeiihouKC,  and  we  benefit  by  the 
interpoKitii>n  of  the  atjnoR]>here ;  but  when  we  begin  to  climb  very 
hijj^h  mountains,  we  grudually  ^t  through  the  atmoa]>bere,  and 
then  we  suffer  from  the  cold.  If  w«  eould  imagine  the  earth 
to  be  stripped  of  its  coat  of  air,  then  cteriial  frr^st  would  reign  over 
the  whole  earth  ns  well  an  on  the  tnyia  of  tlie  mountains. 

The  actual  distitncu  of  the  sun  from  the  earth  is  a)>«ut 
92,70(J,000  miles;  hut  merely  reciting  the  iiguren  d««  not  give 
a  vivid  impreseion  uf  the  real  niiignitudc.  112,700,000  is  a  very 
lai^  quantity.  Try  to  count  it.  It  would  be  necessary  to  count 
as  qaiekty  as  possible  for  three  days  and  three  nighta  before  one 
million  was  completed ;  yet  thi«  would  have  to  he  repeated  neftrly 
ninety-three  times  before  we  had  even  counted  all  the  milee 
between  the  earth  and  the  sun. 

Every  clear  night  we  see  a  vast  host  of  stars  Bcatt(>red  over  the 
sky.  Some  are  bright,  some  are  faint,  some  are  grouped  into 
remarkable  forms.  With  regard  to  this  vast  host  we  can  now  ask 
an  important  que-ition.  Are  they  bodies  which  «hine  by  their 
own  light  like  the  sun,  or  do  they  only  shine  witli  light  borrowed 
from  tliD  BUD?  The  answer  is  easily  stated.  Mo«t  of  these  bodies 
Khine  by  their  own  light,  and  they  are  properly  called  ttan. 
If,  then,  our  sun  and  the  multitude  of  stars,  property  s.^  called, 
are  each  and  all  self-luminous  brilliant  bodies,  what  is  the  great 
distinction  between  the  sun  and  the  stars?  There  b,  of  course,  a 
vast  and  obvious  difference  between  the  unrivalled  splendour  of  the 
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»iin  nnd  the  fcchU  twinkle  of  tlie  stars.  Yet  this  distinction  does 
not  npcciwu-ily  iodinktc  tlist  tbo  sun  hu  an  intrinsic  eplendour 
superior  to  thut  oE  tlu!  trUini.  The  fact  is  tliat  wc  arc  nretled  up  . 
com  para  tivftiy  clooe  to  th<!  mm  for  the  IxTiofitof  his  warmth  and 
li|;ht,  whili'  w*  are  RCjmrated  from  even  the  nenrest  of  the  staxB  by 
a  miffhtj'  abyM.  If  the  nun  were  grndiially  to  retreat  &om  the 
earth  his  light  would  decrease,  so  thut  when  he  had  penetrated  the 
depths  of  space  to  a  disilaooe  componble  with  that  by  which  we  are 
separated  from  \.\xv  flan,  hia  g\ary  would  hare  attcrly  departed. 
No  longer  would  the  saw  be  tlie  majestic  orb  with  which  we  uv 
familiar.  Kn  longer  would  he  be  a  source  of  genial  heat,  or  a 
luminary  to  diiipel  the  darkness  of  night.  Our  great  sun  would 
have  shmnk  U>  the  unimportunoe  of  a  star,  not  ho  bright  us  many 
of  tliose  which  we  see  erery  night. 

Momentous  indeed  ia  the  conclusion  to  which  we  are  now  led. 
That  myriad  bout  of  stars  which  stud  our  sky  every  night,  huN 
sjining  into  vaat  importance.  Each  one  of  those  stars  is  itwlf 
a  mighty  sun,  actually  rivalling,  and  in  many  cases  turpa^xing, 
the  splendour  of  our  own  luminary.  We  thus  open  up  a  majestic 
conception  of  the  voxt  dimensions  of  space,  and  of  the  dignity  and 
Hplcndour  of  the  myriad  globes  by  which  that  space  is  tenanted. 

Tliere  is  another  aspect  of  the  picture  not  without  ita  utility. 
We  mn«t  from  henceforth  remember  that  our  sun  is  only  a  star, 
and  not  by  any  meanjt  an  important  star.  If  the  sun  and  tiic 
earth,  and  all  which  it  contains,  were  to  vanish,  the  effect  in  the 
univcrvc  would  merely  be,  that  a  tiny  star  had  ceased  its  twinkling. 
Viewed  merely  as  a  star,  the  sun  thus  assumes  a  place  of  insig- 
niGcancv  in  thtr  mighty  fabric  of  the  universe.  But  it  is  not  b»  h 
■tar  tliat  we  bare  to  deal  with  the  sun.  To  us  bis  proximity  give* 
him  an  importance  incalculably  transcending  that  of  all  the  otlier 
star*.  We  receded  from  the  sun  to  obtjiin  his  true  perspective  in 
the  universe ;  let  us  now  draw  near,  and  give  to  him  that  attention 
which  his  importance  requires, 

To  the  unaided  eye  the  sun  appears  to  be  a  flat  circle.  If, 
however,  it  be  examined  with  the  telescope,  taking  care  of  course 
to  employ  a  piece  o£    deei>-colourod  glass,  or  some  similar  prv- 
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caution  to  screen  the  ejre  from  injury,  it  will  then  be  aeen  that  tlie 
sun  is  really  not  a  flat  surface  but  a  glowing  globe,  oE  which  one 
homijpherv  is  presented  to  us.  The  lirst  question  which  we  tniut 
attempt  to  answer  is  with  reference  to  the  constitution  of  that 
globe ;  und  the  first  branch  of  that  question  is,  whether  the  glowing 


Flf(,    10.— The  SuD,  photo^nphnl  do  SpjitDDibor  ti,  1870. 


matter  wliicli  fnrmM  tliv  globe  is  n  solid  mass,  and,  if  it  be  not 
»ijlid,  whvtbcr  it  in  liquid  or  ^usif^iH?  At  the  firiit  glanoe  w« 
iniglit  think  that  the  »un  must  certainty  be  solid.  We  liave  all 
seen  white-hot  ii»n,  and  we  might  nntunilly  tbinlc  Uiat  the  bod 
was  a  Htu])cndou8  ball  <>f  Hcilid  wliit<>-hut  iHibstanee,  w  mmL'thin^ 
analogous  thereto.  But  tliia  view  could  not  be  «orreet;  and  our 
Gnt  task  will  be  to  show  that  the  tuii  is  certainly  not  a  aolid 
body  so  far  as  we  can  see  it. 
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extremely  close  to  the  limb,  then  one  side  of  the  basin  would  be 
entirely  hid  from  view,  and  only  a  glimpse  be  bad  of  the  dark 
interior;  while  the  opposite  side  o£  the  basin  is  distorted  into 
undue  prominence.  It  cannot,  however,  be  regarded  as  proTcd 
that  the  sun-spots  are  really  depressiane  in  the  eurface ;  indeed 
many  astronomers  hold  different  views  on  the  Eubject. 

The  progress  of  the  spots  over  the  face  of  the  sun  is  well  iUas- 
trated  in  the  drawing  shown  in  Fig.  13,  which  was  made  more  than 
250  years  ago.  On  the  2nd  March,  1627,  the  skilful  astronoma 
Scheiner  absi^rved  a  spot  in  the  position  marked  2,  jnst  on  the  edge 
of  the  sun.  On  the  next  day,  the  spot  had  moved  to  t^e  position 
marked  3.  It  appears  that  Scheiner  was  favoured  by  a  successioD 
of  fine  days,  for  day  after  day  he  followed  the  spot  until  the 
eleventh,  when  his  observations  were  interrupted.  On  this  day, 
thcrefori',  he  marked  a.  blank  on  his  drawing,  in  the  position  which 
he  reasonably  cimjectured  to  have  been  that  which  the  spot 
occupied.  The  following  day  he  renewed  his  obser%'ation.  The 
13th  was  again  cloudy,  but  on  the  14th  another  and  final  view  of 
the  spot  was  obtained,  just  as  it  was  approaching  the  edge  of  the 
flun  and  before  its  disapi«?aranco.  In  the  same  month  it  so  h^ 
pened  that  another  ccinspicuous  spot  was  visible  on  the  sun,  ind 
the  faithful  Scheiner  recorded  its  place  also;  and  again  we  find 
interruptions  due  to  the  clouds  on  the  llth  and  13th.  In  each 
case  the  spot  travelled  in  the  same  direction  and  crossed  the  face 
of  the  sun  iu  a  jieriod  of  about  twelve  or  thirteen  days. 

It  is  invariably  found  that  these  objects  move  across  the  sun  to 
the  same  direction.  It  is  also  noticed  that  when  the  spots  disappear 
at  the  edge  of  the  sun,  and  remain  invisible  for  twelve  or  thirtees 
days,  the  same  spots  often  reappear  at  the  other  edge.  It  is  there- 
fore obvious  that  the  sjKits  must  move  round  the  back  of  the 
Bun  in  about  the  same  time  that  they  occupy  in  crossing  his  face. 
Further  inquiries  on  this  subject  have  enabled  the  movements  of 
the  spots  to  be  measured  with  accuracy,  and  it  has  been  shown  tlut 
each  spot  accomjilisties  a  complete  revolution  around  the  sun  in 
about  twenty-five  days  and  five  hours. 

So  remarkable  a  characteristic  of  the  movements  of  the  spota 
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(leiniinds  satisfactory  oxplittimtion.  How  doea  it  come  to  pnss  tliat 
the  {i[)ot«— botb  lar^  ond  Htnnll,  ri^iilor  ur  irrrgtiUr — nil  accom- 
plitili  thtir  revoliitirtitti  in  iiearlj'  the  numo  time?  A  vi-iy  simple 
fX]>Uuution  of  thu  phcnoincuuii  conducts  iit  onoe  to  b  very  importfttit 
discov«ry. 

Wo  know  tliat  llie  suu  is  u  glolif,  and  that  otir  earth  is  also  n 
glolw.  Vi'c  ulm  know  that  the  earth  jjurformtt  a  daily  rotation  on 
itit  axis,  and  it  i»  natuml  to  ask,  n-lK-tliL'r  it  may  not  be  likewise  pos- 
sible for  the  RUD  to  perform  a  rotatinii.  If  the  sun  nlowly  TOtste<l  in 
a  period  of  alwut  twenty-five  daya  and  five  liouw,  then  the  liemi- 
§|)ht-rc  of  the  aun  directed  towiirdx  Ibi-  curtli  would  W  catnpli'U'ly 
turned  to  the  ollu^r  8td«  in  »  foKiiighl,  and  we  should  at  once 
be  nble  to  account  for  tlie  apparent  tnovemeut  of  the  spots.  This 
explanation  is  so  (tim]>le,  and  no  witisfactory — it  is  conllrmcd  by  so 
many  otlier  lines  of  reasoning — that  no  doubt  can  any  longer  be 
attached  to  it;  and  hence  we  have,  nit  the  iirst-fruite  of  the  study 
of  the  spots,  the  very  inteix'stingand  remarkable  discovery  of  the 
rotation  of  the  sun  on  its  axis.  It  has,  however,  been  shown  that 
the  time  of  rotation  of  the  san-siwt  varies  slightly  with  the  [Hi«i- 
tion  of  the  spot.  Observations  mode  with  spots  at  the  E4uator 
^ve  for  the  period  of  rotation  a  value  of  2&i  days,  while,  judg* 
ing  from  s|)ota  at  the  latitude  of  W^,  the  period  of  rotation  of  the 
sun  is  a  day  longer.  It  thus  follows  that  we  cannot  state  tlic 
period  of  the  sun'a  rotation  with  the  same  accuracy  that  wc  can 
tlut  of  the  earth.  It  can  only  be  said  to  lie  sonaewhere  between 
the  two  extremes  of  alfout  £5  and  2Gi  days. 

It  must  not,  however,  be  imagined  that  the  only  changes  in  the 
spots  are  thote  variations  of  ]>erspective  which  arise  from  the 
rotation  of  tlie  sun.  In  this  movement  all  s|»1s  alike  participate; 
,  bat  tliere  »k  other  moTcmenta  and  cbanges  constantly  going  on  in 
tOB  individual  spots.  Some  of  then  objects  may  last  for  days, 
for  weeks,  or  for  months,  but  they  arc  in  no  sense  permanent  ;  and 
after  an  existence  of  greater  or  less  duration,  the  spots  on  one  i«rt 
of  the  sun  will  disappear,  while  as  fre(|iiently  fresh  spots  will 
become  visible  in  other  places.  Thu  inference  from  these  various 
faets  is  irresistible.     It  tells  its  that  the  visible  surface  of  the  sun 
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BtiirDras,  Dot  only  'm  Europe  and  America,  but  even  ia  (he  Sootheni 
H  em  Up  1]  ore.  A  very  interesting  instance  of  a  similar  kind  i* 
reeonled  by  Professor  Young,  wlio,  when  observing  at  Sheraian  on 
tlie  8rd  August,  IS7i,  |>erceiveJ  a  very  violent  disturbance  of  the 
■un's  surface.  He  was  told  the  eanie  day  by  the  photog;ra|>heT  of 
the  party,  wlio  was  engaged  in  magnetic  observations,  and  who 
was  quite  in  ignorance  of  what  Professor  Young  had  seen,  that  h« 
had  been  obtigetl  to  desist  from  the  magnetic  ob^ervatioiis,  in  cop. 


Pig.  IS.— Tbo  Trilura  ot  lh«  Sua  and  n  uuill  »i-A. 


seqnCDM  of  the  violent  fluctuations  of  the  needle.  Snbw<]ae: 
inquiry  showed  that  in  England  on  the  sainv  day  a  uaguetit!  sto: 
was  also  witnessed. 

Tlieae  observation*  demonstrate  that  there  is  fonte  connection 
between  solar  phenomena  and  t^-rreftrial  miiguoliKin,  but  what  the 
nature  of  tlint  (jonneclioii  may  be  is  quite  unknown,  and  will  form 
a  problem  of  deep  intcrcKt  for  the  future  labours  of  astronomets 
and  physieisls. 

Another  mysterious  law  governs  the  sun-sf  ots.  Their  num 
fluctuates  from  year  to  y«ir,  but  it  would  seem  that  the  ejiochs  of 
maximum  sun-spots  succeed  each  other  with  a  certain  degree  of 
regularity.     Tlic  observations  of  sun-spots  for  nearly  thieo  cen- 
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lufiea  show  that  tb«  iwurrtixy  of  »  bcxwib  t>k»  plac*,  ia  is 
srerage,  every  eleven  yews.  TIm  coanr  «f  vm  vt  tWa*  <jdii  >• 
Bomevhat  as  foDom : — For  two  or  tbne  jwn  iW  ivA-fpali  arc 
both  hrfrcr  intl  mon  nmmreaB  tkss  oa  tbcaMngV;  tkn  tby 
begin  to  Uimini^,  tniul  iaalioat  Grtoritx  jvobovtWi 


Fig.  IS— Dr.  Uof^me  dnwlMn  d  *  i 
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tbey  ivaoh  a  minimgin ;  then  the  ipoU  begin  to  iniiiiii,  mad  m 

aootlH-r  liTi.-  or  cix  yean  tfae 

CMlw  uf  tliic  iwnodietty  u  a  qiwrtioa  of  tlw  B»t ' 

bat  at  pftMDt  the  uisver  niast  be  tvganlcd  at  anksowv.     It  In*, 

indeed,  to  be  ailmiited  that  the  real  natore  of  mm-tfoU  ia  ittU  a 

matter  of  uncertaiuty.      No  tiieoty  yrt  fnfimtd  wSl  atojiiat  is 

a  thoraugUy  Mtisfactoty  aiaaiier  for  a//  Iks  pltfiiiDiffti  wUcb 
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Uicj-  present,  when  %Hewed  with  tlie  t«l«scope  and  tlie  spoctr 
tw  well  ae  for  tlieir  jieculiar  distribution  over  the  sun,  and 
marvclloufi  pheuomena  of  perio<ltcity. 

Whon  tlw  utmoBpliere  nill  allow  oE  veiy  >;ood  vision,  w«  can  : 
that  the  Mun't;  uurfaoe  is  mottled  in  a  remarkxlile  miiuner. 
is  well  iihutvii  in  Fig.  1 5,  in  which  we  perceive  that  the  »i>ot  in  the 
central  part  oi  (lie  picture  is  merely  an  enlargement  o(  one  uf  the 
minute  pores  with  which  the  surface  is  marked.  A  very  remirb* 
able  inetAiice  of  the  granulated  appearance  which  the  xun  often 
presents  is  shown  in  a  drawing  miwlc  hy  the  «courat«  pennl  of 
Dr.  W.  Mu^giiiri  C'B-   ^^)'     This  curious  arninguineul  hu*  ftI«o_ 


Fig.  17.— Tho  Willow-ltiif  tciluni  of  Uie  8un'«  >urfa«e. 


bcou  witneKHed  by  many  other   ohsen-ers.      Indeed,  j^iotognt]: 
have  been  taken  in  which  these  brilliant  ^frauules  seem  diftpowed  to 
arrange  themselves  in  patterns  of  manellous  regularity. 

It  would  thus  appear  as  if  theluminous  surface  of  the  ran  wna  com- 
[>osed  of  intensely  bright  clouds  sxispended  in  a  darker  atmo«ph«n. 
Some  observers  have  thought  that  these  floating  objects  an,  occa- 
siooally  at  all  events,  of  a  chamctcristic  size  and  shajie,  variouidy 
known  as  "willow  leaves"  or  "rice  gmins."  In  Fig.  17,  the 
curious  willow-lenf  texture  is  shown  surrounding  a  sun-spot.  But 
the  spot  itself  seldom  fails  to  give  the  impivssion  of  violent  di^H 
turlwiiice.  as  is  well  p^hown  in  I'rofeMor  I^singlcy's  fine  drawing 
(PUte  II.)  of  a  »pot  which  he  ohservtHl  on  December  23—24,  1S73» 

Neartheedgeof  tliesnn,iisrepr(>w>nteilin  Plnti;  III.,  will  bcseatH 
some  of  tho^  In-ightcr  streaks  or  jMitchcB  which  ore  called  &iouI» 
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(little  torvlicx).  They  ave  oft4Mi  of  Gnonnous  (limi-nKJoiiK,  covvriDjf 
areait  voKtl}'  liirf^^r  tlian  any  of  our  coiilini-nt^. 

Ttic  initr^ii  of  till!  sun  is  fringed  uHth  obj(>ct»  of  very  great 
interest,  ,'thvy  an  fo  faint  Ihiit  in  tlu-  Tull  Uiixe  of  sunlight 
they  caiinut  1k.>  mh.-ii.  Tlivy  ure  invisible  for  tbo  wtmc  reoton  thmt 
stars  urc  invisible  in  ilnyJight.  We  n«c  the  sturs  at  night,  when 
the  nun  h  gone,  and  mo  we  can  sufc  the  fringe  mrrounding  tbe  eun 
when  the  brilliant  central  portian  is  obscured  by  the  rare  oocur- 
rence  of  a  total  ei-lipse. 

For  an  eclipse  of  the  nun  to  occur,  the  inoon  uiuitl  actually  come 
between  the  eartli  and  the  sun.     Tlie  occurrence  of  nn  ecli)ise  will 


Sig.  18. — ProinincitcM  turii  iu  Toul  EclEpto 


be  more  fully  considered  later  on.  For  the  pn?§ent  it  will  be 
sufficient  to  observe  that  by  the  movement  of  the  moon  it  may  so 
happen  that  tbe  moon  completely  hides  the  sun,  and  thus  for  a  few 
miniit^'K  i>roducc«  what  we  call  a  total  ecliiiae.  Tim  few  minutes 
during  nhivh  a  total  eclipse  lasts  are  of  the  most  ])riceless  value  to 
tlie  astroDomer.      Darkness   reigns  over   the  earth,  and   in   that 

(new  nire  and  beautiful  sight>i  can  ha  witnessed. 

Wrliuve  in  Fig.  18,  a  view  of  a  total  eclipse,  sbowiog  KRie  of 
reniiirltablv  objects  known  as  prominences,  (",  i,  c,  d,  e),  which 
(TDJeet  ittaa  the  surface  of  the  sun.  Objects  of  this  character 
surround  the  bur  at  other  times  as  well  a£  at  eclipses,  but  their 
tight  ia  so  fnint  that  the  great  light  of  tlie  sun  renders  them 
invisible.      With  the  obscurity  which   surrounds   the   sun  during 
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a  total  eclipse  as  a  background^  the  phenomenon  starts  into 
brilliancy. 

It  has  been  demonstrated  that  these  very  curiouB  objects  are, 
as  their  appearance  indicates,  really  mighty  glowing  masses  of  gas; 
and  a  most  beautiful  arrangement  has  been  discovered  by  which  it 
has  been  made  possible  to  view  the  prominences  without  waiting 
for  the  aid  of  an  eclipse.  It  would  he  anticipating  what  we  shall 
have  to  say  in  a  future  chapter  were  we  at  this  point  to  give  soy 
detailed  explanation  of  the  ingenious  contrivance  by  which  these 
objects  can  he  seen  in  the  full  blaze  of  sunlight.  Suffice  it  now  to 
observe  that  the  principle  of  the  method  depends  upon  the  pecaliar 
character  of  the  light  from  the  prominences,  which  the  spectroscope 
enables  us  to  isolate  from  the  glare  produced  by  the  ordinary  eolar 
beams.  It  gives  to  astronomers  the  great  advantage  of  looking  at 
the  prominences  for  hours  together,  instead  of  being  limited  to  the 
few  minutes  during  which  an  eclipse  lasts.  The  prominences  appear 
to  be  merely  protuberant  portions  of  a  layer  of  red  incandescent 
gas  surrounding  the  sun.  This  gas  has  been  shown  to  consist  of 
hydrogen  and  probably  other  substances. 

Majestic  indeed  are  the  proportions  of  some  of  those  mighty 
(lames  which  leap  from  the  surface  of  the  sun ;  yet  these  flames 
flicker  as  do  our  terrestrial  fiames,  when  we  allow  them  time  com- 
parable to  their  gigantic  dimensions.  Drawings  of  the  same 
ju-ominence  often  show  great  changes  in  a  few  hours,  or  even  less. 
The  magnitude  of  the  i-hangcs  could  not  be  less  than  many 
thousands  of  miles,  and  the  actual  velocity  with  which  such 
masses  move  is  often  not  less  than  100  miles  a  second.  Still 
more  violent  are  the  solur  convulsions  whiih  some  observers  have 
been  so  fortunate  as  to  behold,  when  from  the  sun's  surface,  as 
from  a  mighty  furnace,  vast  incandescent  masses  are  projected 
upwards.  All  indications  point  to  the  surface  of  the  sun  as  the 
scat  of  the  most  frightfid  storms  and  tempests,  in  which  the  winds 
sweep  along  incandescent  vapours. 

The  remarkable  power  which  the  spectroscope  places  at  our 
disposal  of  enabling  the  prominences  to  he  seen  without  a  total 
eclipse  has  been  largely  availed  of  in  making  drawings  of  these 
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objects.  Plate  IV.  gives  a  very  beantiEnl  \iev  of  a  DDmber  of 
them  as  seen  by  Trouvelot  with  the  great  telescope  at  Cambridge, 
U.S.  These  drawings  show  the  red  colour  of  the  fiame-lile 
objectB,  not  very  happily  described  as  promiDences;  and  they  also 
show,  in  the  different  pictures,  the  wondrons  variety  of  aspect  which 
these  objects  assume.  The  dimensioos  of  the  prominences  may 
be  inferred  from  the  scale  appended  to  the  plate.  The  lai^^est  of 
them  is  fnlly  80,000  miles  high;  bat  many  observers  have  re- 
corded prominences  of  much  greater  altitude.  The  rapid  changes 
of  these  objects  is  well  illustrated  in  the  two  sketches  on  the  left 
of  the  lowest  line,  which  were  drawn  on  April  27th,  1S72.  These 
are  both  drawings  of  the  same  prominence  taken  at  an  inter^l  do 
greater  than  twenty  minutes.  This  mighty  flame  is  so  vast  tbat 
its  length  is  ten  times  as  great  as  the  diameter  of  the  earth,  yet 
in  this  brief  period  it  has  completely  changed  its  aspect;  the 
upper  part  of  the  flame  has,  indeed,  broken  away,  and  is  now 
shown  in  that  part  of  the  drawing  between  the  two  figures  on  the 
line  above.  The  drawings  also  show  ^'arious  instances  of  the  re- 
markable  spike-like  prominences,  taken  at  different  times  and  do 
different  parts  of  the  sun.  These  spikes  usually  attain  altitudea 
not  greater  than  20,000  miles,  but  sometimes  they  stretch  up  to 
stupendous  distances.  We  may  quote  one  special  object  of  this 
kind,  whose  remarkable  history  has  been  chronicled  by  Professor 
Young,*  the  well-known  authority  in  this  department  of  as- 
tronomy. On  October  7th,  18S0,  a  prominence  was  seen,  at 
about  10.30  a.m.,  on  the  south-east  limb  of  the  sun.  It  was 
then  an  object  of  no  unusual  appearance,  being  about  40,000 
miles  high,  and  attracted  no  special  attention ;  but  half  an  hour 
witnessed  a  marvellous  transformation.  During  that  brief  interval 
the  prominence  became  verj-  brilliant,  and  doubled  its-  length. 
For  another  hour  the  mighty  flame  still  soared  upwards,  until  it 
attained  the  unprecedented  elevation  of  850,000  miles — a  distance 
more  than  one-third  of  the  diameter  of  the  sun.     Here  the  energy 

*  Doting  &  visit  to  the  United  States  in  the  aotumn  of  1881,  the  author  was 
fortunate  enou|;h,  by  the  kindceM  of  Professor  Young,  to  obseire  sevetid  solar 
prorainenceii  with  th«  superb  InitnmieDts  at  Princeton,  New  Jersey. 
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of  the  mighty  outbreak  seeme  to  have  expended  itself :  the  fiame 
broke  up  into  filamenlB,  and  by  18.30 — an  interval  of  only  two 
houTB  from  the  time  when  it  was  first  noticed — the  hu^  promi- 
nence had  completely  faded  away. 

The  facts  we  have  recorded  give  a  eurprising  indication  of  the 
violence  of  those  iicry  storms  by  which  the  sur&ce  of  the  sun  a 
occasionally  disturbed.  No  doubt  this  vast  prominence  was  excep- 
tional in  its  magnitude,  and  in  the  vastness  of  the  changes  of 
which  it  was  an  indication ;  but  we  may,  at  all  events,  take  it  u 
the  basis  of  an  estimate  of  the  maximum  changes  which  the  surface 
of  the  sun  witnesses.  The  velocity  must  have  been  200,000  miles 
an  hour — a  rate  which  must  have  more  than  averaged  fifty  miles 
a  second.  This  mighty  flame  leaped  up  from  the  sun  with  a  velo- 
city more  than  100  times  as  great  as  that  of  the  swiftest  bullet 
that  was  ever  fired  from  a  rifle. 

The  most  striking  feature  of  a  total  eclipse  of  the  sun  ii 
un^iuestionably  the  Corona,  or  aureole  of  light  which  is  then  seen  to 
surround  the  sun.  On  such  an  occasion,  when  the  sky  is  clear,  the 
moon  appears  of  an  inky  darkness,  not  like  a  flat  screen,  but  like 
the  huge  black  ball  that  it  really  is.  "  From  behind  it  (I  quote 
Professor  Young)  stream  out  on  all  sides  radiant  filaments,  beams, 
and  sheets  of  pearly  light,  which  reach  to  a  distance  sometimes  of 
several  degrees  from  the  solar  surface,  forming  an  irregular  stellate 
halo  with  the  black  globe  of  the  moon  in  its  apparent  centre.  The 
portion  nearest  the  sun  is  of  dazzling  brightness,  but  still  less 
brilliant  than  the  prominences  which  blaze  through  it  like  car- 
buncles. Generally  this  inner  corona  has  a  pretty  uniform  height, 
forming  a  ring  three  or  fotir  minutes  of  arc  in  width,  separated  hy 
a  somewhat  definite  outline  from  the  outer  corona,  which  reaches  to 
a  much  greater  distance,  and  is  far  more  irregular  in  form;  usually 
there  are  several  "  rifts,"  as  they  have  been  called,  like  narrow 
beams  of  darkness,  extending  from  the  very  edge  of  the  sun  to 
the  outer  ni^ht,  and  much  resembling  the  cloud  shadows  which 
radiate  from  the  sun  before  a  thunder  shower.  But  the  edges  of 
these  rifts  are  frequently  curved,  showing  them  to  be  something 
else  than  real  shadows ;  sometimes  there  are  narrow  bright  streamers 
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long  as  the  rifts,  or  longer.  These  are  of1«i  inclined,  oo- 
Uy  are  even  nearly  tangential  to  the  solar  surface,  and 
I  fn-qiit-ntly  carved.  On  the  whole,  the  voroua  is  usually  less  exten- 
[sivc  and  brilliant  on  tlie  aoltir  ]iole8,  and  there  is  a  reoognisablc 
jtvodency  to  accumulation  above  the  middle  latitudes  or  spot  zones. 


I 


Kif[.  lii.— Vi«w  qI  tlio  Connu  in  a  tatiU  ccUpmi. 

•o  that  roughly  speaking  the  corona  tihovnt  a  diHiMsitton  to  aseume 
the  form  of  a  quadrilateral  or  four-nivitl  xt-ar,  tliiiu);h  in  almost 
every  individual  case  this  form  ie  gnatly  tn<Nlilie<)  l>y  abnormal 
streamers  at  some  point  <*r  other."  Fig,  19  reprenents  a  view  of 
the  oorona  dnnng  a  total  oclipee. 

We  further  present,  In  Pkt«  V.,  th«  drawing  made  by  Professor 
W.   UoricQCW,  whidi  reprvR-ntii  tho  t-orona  us  obtained   from  a 
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c(>in{>ari«oii  of  a  \arg6  number  of  pliotof^phs  taken  at  differeot 
pItiCH-N  ia  the  Uuitod  Statos  during  thr  total  «c1ipm  of  Jaly  2Ptli,  M 
1878.  • 

As  to  the  precise  uatare  o(  this  wonderful  appcnilo^,  w« 
for  the  iiresent  be  content  to  wait  for  further  light .    Protialily 
we  uoderelHiiil  the  streiimors  of  thtr  luiront  Itorealt*  nntl  tlie 
of  comets,  we  shall   hiivi;   Iwi'mnl  •M>mt*thiiig  of  tbo*e  ■ultStanCM, 
woU  nigh  spiritual  in  tvxturo,  which  ooRt)titiil<!  the  mAar  coniia. 

A  reuinrkahlu  uppcudngv  to  the  sun,  which  cxten<tii  to  •  (li«taai 
much  groRtcr  thim  that  of  the  coronu,  produces  the  phcnimMDoo 
of  tho  zodiscal  light.     A  pearly  glow  is  sometinifs  seen  to  ajinsMl 
over  a  part  of  the  rky  in  the  vicinity  of  the  point  wh(*n  thv  mn 
bus  diKn{i])eared  nfter  sunsot.     Th«   mme  spectacle  may  o1m> 
witnessed   before  sunrise,  ami  it  vrould  seem   a»  if  the   mataiJal 
producing  the  zodiociil  light,  wbat^^rcr  it  may  bf>,  had  a  lena-«hft|iM| 
form  with  tlie  itun  Iti  the  centre.    The  nature  of  this  object  Ii 
a  matter  of  great  uncertainty.     We  have  reprcBented  io  Fig.  20, 
a  view  of  this  mysterious  phenomenon. 

In  all  directions  the  wun  poiin  forth,  with  the  most  inYNJigal 
liberality,  its  torrents  of  light  and  of  heat.  The  greater  part  of  that 
tight  and  heat  B«ems  i^aite  wotited  in  the  depths  of  fipooe.  Our  eartli 
intercepts  only  the  merest  fraction,  less  than  the  3,tH)O,O()0,OO(>tli 
part  of  the  whole.  Our  fellow  planets  and  the  moon  also  intercept 
a  trifle;  but  what  portion  of  the  mighty  flood  can  they  ntiliac? 
The  sip  that  a  flying  sn-allow  takes  from  a  river  is  as  far  From  ex- 
hausting the  water  in  the  nvci  as  uro  the  pbnets  from  using  all  thv 
heat  nhich  streuniM  from  the  sun.  Were  the  radiation  of  the  tan 
to  be  interce]>ted,  lUI  life  on  this  earth  must  cease.  Ad  immovable 
atmosphere  would  brood  over  an  ocean  which,  if  not  acttially  fr»n.>n, 
could  be  only  disturbed  by  the  sullen  undulations  of  the  tides,  and . 
the  silence  of  death  over  tlie  surface  of  the  earth  would  oaly  be 
broken  by  the  occasional  groans  of  a  volcano. 

We  muft  postjioue  to  a  future  chapter  the  important  qncstion 
of  the  lonrre  of  the  sun's  heat.  Let  us  simply  terminate  ttiis 
chapter  by  a  brief  recital  of  what  we  at  prcwnt  enjoy  by  the  benign 
influence  of  the  sua.     His  gmciouit  U^uns  supply  the  magic  power 
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that  eoablefi  our  corn  to  grow  and  ripen.  It  is  the  heat  of  the  bua 
which  raises  water  from  the  ocean  in  the  form  of  vapour,  and  then 
sends  down  that  vapour  as  rain  to  refresh  the  earth  and  to  fill  the 
rivers,  which  bear  our  ships  down  to  the  ocean.  It  is  the  heat 
of  the  Biin  beating  on  the  large  continents,  which  gives  rise  to  the 
breezes  and  winds  that  waft  our  vessels  across  the  deep;  and 
when  on  a  winter's  evening  we  draw  around  the  fire  and  feel  itj 
invigorating  rays,  we  are  really  only  enjoying  sunbeams  which 
shone  on  the  earth  countless  ages  ago.  The  heat  in  those  ancient 
sunbeams  developed  the  mighty  vegetation  of  the  coal  epoch,  and 
in  the  form  of  coal  that  heat  has  slumbered  for  millions  of  jean, 
till  we  now  call  it  again  into  activity.  It  is  the  power  of  the  son 
stored  up  in  coal  that  ui^^  on  our  steam-engines.  It  is  the  liglit 
of  the  sun  stored  up  in  coal  that  beams  from  every  gas-light  in 
our  cities. 

For  our  power  to  live  and  move,  for  the  plenty  with  Tvhich  we 
are  surroimdod,  for  the  beauty  with  which  nature  is  adorned,  we  are 
immediately  indebted  to  one  body  in  the  countless  hosts  of  space; 
and  that  body  is  the  sun. 


PLATB    V. 
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!%«  H«on  kud  Ito  TU«>— Tht  tJ*e  of  thn  Moon  in  Navigation— Tbu  Cluing:««  of 
Ih*  Hmui— Th*  Hoon  and  tha  Poctn— Wbonw  the  Light  of  th«  Moon  f—Sitat 
of  Uie  Btfth  uid  thn  Moon— Weight  ot  the  Moan^dhitnKoa  In  Apparcmt  Siir 
— VATuliotu  ill  itH  )Ji«l*iioo— In(luonr<)  of  the  Karth  on  the  Moon — The  lUb 
tt  tha  Uooo— Expluutlon  ci  the  Mood'*  Phooos— Lunar  Ei.'lip«ua— Kolipm*  of 
Ike  Sun,  her*  prwliuwd— Viubititr  of  the  Moon  in  •  Totul  Ei'lipiio— How 
[Vdi|MM  MB  Prediclol— Umi«  ot  tli#  Moon  In  flndiog  Longitude— Tho  Hoon 
not  ceBiMCttd  with  the  Wettthcr— Topngniphy  of  tho  Moon  —  NnumfthV 
Dnwilig  of  TriMnoclHTT— VolcBDooa  on  tho  Muuit — ^Nnnrml  Luiiiir  Orattir — 
FlaUi— Tho  Shadowa  of  l.iinar  Moiintuin*— Tliti  MiiMviuutcr— Lunar  Iloighte— 
kPncmv  Acttiity  on  Iho  Moon — Nnnmyth'a  Vinw  of  the  Foimotion  of  Cntore 
— -Omntatiolt  on  tho  Moon—Varied  Siiosof  tha  IiUOarOmtCTfl — Othor  foatutw 
of  th«  Moon—I*  there  Life  on  the  Moon? — Abupcco  ot  Wuler  and  ot  Air— 
ExpUnalion  oj  th«  Rof^goil  C'banu^tor  uf  Luiiar  t4ui<iii>r7— Potaibllity  n(  Life 
on  IKtliLiii  lIodiM  In  t>|>ai'n. 

If  Uic  muon  were  nuddcnly  to  be  struck  out  of  existence,  w«  shinild 
be  imm«diut«ly  ajigiri^ud  of  th?  fact  by  a  wail  from  every  geuimrt 
IB  Um  kingdom.  Vrom  London,  from  Liverpool,  from  Bristol, 
we  dboald  hew  the  Mime  etory — the  rise  and  full  of  the  tide  bad 
almott  ceased.  The  xhips  io  dock  could  not  get  out;  the  ebipR 
oateidc  could  not  get  in ;  and  the  maritime  commerce  of  the  world 
would  be  thrown  into  dir^  coitfuKii^n. 

It  in  lh«  tnoon  which,  iirincipally,  causes  tho  daily  ohb  and  (low 
of  tbe  tide,  and  thtH  is  the  most  important  work  which  the  moon 
bM  to  do.  Fleet*  of  linhing  boatu  around  our  coaata  time  their 
daily  movement*  by  the  tide,  and  are  largely  indebted  to  the  moen 
for  bringing  them  in  and  out  ot  harbour.  Experienced  saiioni  assun-* 
UB  that  the  tides  are  of  the  utmost  service  to  navigation.  The 
question  how  the  moon  causes  the  tides,  must  be  postponed  to  a 
future  chapter,  where  we  shall  also  sketch  the  marvellonfl  part  which 
the  t«le«  eeem  to  have  played  in  the  past  history  of  our  earth. 
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Who  is  there  who  haa  not  watched,  with  admimtion,  Uio  boiiu- 
tiful  aeries  of  chftiigea  through  u  liich  the  moon  paaaea  every  moiiUi  ? 
■We  first  see  her  oe  an  exquisite  crescent  o£  pale  fipht  in  the 
western  sky  after  suoset.  Night  after  nipht  she  moves  fiirlhor  and 
further  to  the  eastj  until  she  beoomt-s  full,  and  rises  abutil  the  K«n« 
time  that  the  sun  sets.  From  the  time  of  full  moon  the  di»c  of 
light  bcffins  to  diminish  until  the  last  qiuirter  is  rcsiohcd.  Then 
it  is  that  the  moon  is  seen  high  in  the  heavens  in  tlit;  moruitig. 
As  the  days  pass  by,  the  orescent  shape  is  again  at;sum<'<l.  Tlie 
crescent  wanes  thinner  and  thinner  as  the  moon  Jmwit  closer 
to  the  sun.  Finally  she  becomes  lost  in  the  overpowering  light 
of  the  sun,  again  to  emerge  as  the  new  moon,  and  again  to  go 
through  the  same  cycle  of  changes. 

The  brilliancy  of  the  muon  arises  Boiely  from  the  light  ftf  the 
sun,  which  falls  on  the  dark  or  not  self-luminous  substance  of 
the  moon.  Out  of  the  raat  flood  of  light,  which  the  sun  poura 
forth  with  suoh  ])rodigality  into  space,  the  dark  boily  of  ttio  moon 
intercepts  a  little,  and  of  that  little  it  reflects  a  small  fraction  to 
illuminnto  the  earth.  The  moon  sheds  so  much  li^ht,  and  iteems  so 
bright,  that  it  is  often  difScultat  night  to  remember  that  thi-  moon 
has  no  light  except  what  falls  on  it  from  the  sun.  NcvertliL-less, 
tbtt  actual  Hurfaoe  of  the  brightest  full  moon  is  perhapK  not  much 
brtght4>r  than  the  street*  of  London  on  a  clear  nuiisliiny  day.  A  very 
simple  observation  will  suffioc  to  show  that  the  mooii'*  light  is  only 
sunlight.  Look  some  moniing  at  the  moon  in  daylight,  and  com- 
pare the  moon  with  the  cIoikIk.  The  brightnoK  o(  the  moon  and 
o£  the  clouds  are  directly  comitarable,  and  then  it  i*  seen  plainly 
Uutt  the  sun  which  illuminates  the  elouds  has  aUo  illumined  the 
moon.  The  attempt  has  been  made  to  menaurc  the  relative  bright- 
ness of  the  snn  and  thu  full  moon.  If  000,000  full  moond  were 
shining  at  once,  their  collective  brilliancy  would  be  eqnal  to  that  of 
tbu  sun. 

Tlie  beautiful  crescent  moon  has  furnished  a  theme  for  many 
R  piMt.  Indeed,  if  wo  may  venture  on  the  most  gentle  criticism,  it 
would  seem  that  some  pucts  have  forgotten  that  the  moon  is  not 
to  be  MOO  every  nigbU     A  poetical  description  of  evening  is  almost 
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certain  to  be  amociat^d  with  »  doMription  of  the  moon  in  eomo 
phase  or  ol!i«r.  Wo.  may  cite  one  nolablu  iniituDCH;  in  which  m 
poet,  describing  an  histarioal  evvnt,  has  ennhrincd  in  oxquiaitc 
vene  a  Btatcmi-nt  which  c^aiinot  liave  been  correct.  Kvory  child 
that  speaks  our  language  has  been  taught  that  the  burial  of  Sir 
John  Moore  took  place 

•■  hf  th«  «truKi[IInft  moonliMmn"  uiiVty  liKht." 

^nMn  U  an  appcaranca  of  detwl  in  this  )itat«Ricnt  which  wean 
the  garb  of  truth.  Wc  are  not  going  to  doubt  that  the  nighb 
waa  nally  misly,  and  inijuin-  whether  the  mooubeama  really  hud 
to  struggle  into  visibilitj-,  for  the  i]uestion  is  a  much  inorv 
Eundainetitat  one.  We  du  not  know  who  was  the  llrst  to  raise  the 
point  an  to  whether  the  moonbeams  really  shone  on  that  memorable 
event  at  all  or  u»L;  but  the  (juestion  having  been  raised,  tlio  Nautical 
Almanac  immediately  supplies  an  answer.  From  it  we  learn  in 
language,  wtui«e  trutblulness  constitutes  its  only  claim  to  be  jHjetry, 
that  the  moon  wait  new  on  the  l6th  January,  18UU,  at  one  o'clock 
in  the  morning  of  tlic  day  of  the  battle  of  Corunna,  It  is  evideuth 
implied  in  the  ballad  that  tlie  funeral  took  place  on  the  night 
following  the  battle.  We  are  therefore  assurod  that  the  moon  can 
hardly  have  been  a  day  old  when  the  hero  was  consigned  to  his 
grave.  But  the  moon  in  such  a  case  is  pisctically  invisible,  and 
yields  no  apprvciable  moonbeams  at  nil,  miety  or  otherwise.  In- 
deed, if  the  funeral  took  place  at  the  "  dead  of  night,"  as  tbe  poet 
tells  us  it  did,  the  moon  must  have  been  far  below  the  horixon  at 
the  time* 

In  alluding  to  this  and  similar  instances,  Mr.  Nasmyth  gives  a 
word  of  advice  to  authors  or  to  artiMt«  who  desire  to  bring  the  moon 
on  a  scene  without  knowing  a»  a  matter  of  fact  that  the  moon  vtaa 
actually  present.  IK-  rfcoinmends  them  to  follow  the  example  of 
Bottom  in  Mid4umvi«r-Nisf>t'i    linam,  and  coueult  "a  calendar, 

*  Scmo  nngainlf  critic  Ium  olMnrvod  that  the  poet  himwU  •ami«  \a  hsra  f»lt  ■ 
doabt  an  the  nuitler,  bocautti  hi>  ha*  •aptitomcDUid  tho  liubloui  moonbuim*  by  llic 
"  Uatem  dimly  burauiK."  Thu  Qiur<.>  K«tioiuuii,  if  tumuwlwt  nnj^iiui  ncoiuli.  tua 
hoM  atoo  msil*.  tlut  "Ibv  time  will  roine  vbMi  Uw  eridMIM  ol  Uiii  poom  wiU 
r  SBjr  MtTooamival  Ottk-uUtiuiu." 
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i  calendar !   look  in  the  alinaunc ;  (Inil  out  moonshioe,  find   out 
nooiMliiDe ! " 

Among  tlie  countlws  (mat  of  wWtial  bodies — the  sun,  the  moon, 
tho  i>IiLn<;tM,  nnd  the  hIuk — the  tnoim  enjoys  one  Bpecial  claim  on 
our  attention.  The  moon  in  our  nearest  nei^hhour.  It  is  just 
jjoitsihie  that  a  comet  may  ooeasionally  dart  past  tlio  «urth  at  a 
uualler  distance  than  the  moon,  but  with  this  exception  the  other 


Vig,  2t.— Ccimjiarativu  aitr»  of  tin/  Buth  and  Uoon. 

bodies  are  all  hundreds  or  thousands,  or  even  many  millions  of 
times  as  far  off  as  the  moon. 

The  moon  is  really  one  of  the  smallest  objects  visible  to  us 
which  the  heavens  contain.  Every  one  of  the  tliousands  of  stan 
visible  vrith  Uie  unaided  eye  is  enormously  lar^r  than  the  moon. 
The  brilliancy  and  apparent  size  of  the  moon  arises  from  the  fact 
that  she  is  only  ZtO.UOU  miles  away,  which  is  a  distance  almoet 
immeasurably  small  when  compared  with  the  distances  of  the  stars 
or  oth«r  grnit  bodies  of  the  untversu. 

Fig.    21    exliihito   the    relative   «ixcR   of   the   earth   and    the 
loon.     Tiic  •mull  globe   rcpre»cJit«   i\m  inoou,  while  the   larger 
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(flobe  represents  the  earth,  \rhen  we  measnrc  the  iu:tua1  dia- 
meters of  the  two  globes,  we  find  that  of  the  CArth  to  W 
7,918  mites,  and  of  the  moon  2,160  miles,  so  that  the  diametur 
of  the  earth  is  nearly  four  times  as  ^teaX  as  the  dinm«ti>r  of 
the  moon.  If  the  e&rth  were  cut  into  fifty  pieces,  all  equally 
Urge,  then  one  of  these  pit^i-es  rolled  into  a  globe  would  v*\\\b\ 
the  size  of  the  moon.  The  superficial  extent  of  the  moon  is  equal 
to  about  one- thirteenth  part  of  the  siirTnuc  of  the  earth.  The 
hemisphere  of  the  moon  tiirne<l  townrdi«  \\f  exhibits  at  any  moment 
an  area  cqiial  to  abotit  one  Iwcnty-eevt-nth  |>art  of  the  aren  of  the 
earth.  This,  to  speuk  B.ppi-oxitniiti-Iy,  i«  about  balF  the  urea  of 
Kuropc.  The  materiuk  of  the  i-arth  are,  however,  inueh  heavier 
tlian  those  contained  in  the  moon.  It  would  take  mon.>  tlian 
eighty  globes,  eaeh  as  ponderous  as  the  moon,  to  weigh  down  the 
earth. 

Amid  the  ineessant  ehftitge*  which  the  moon  presents  to  us, 
one  obviouK  fuet  uttinds  forth  prominently.  Whether  the  moon  bo 
new  or  full,  at  firiit  quarter  or  nt  Inst,  whether  it  be  high  in  the 
heavens  or  low  near  the  horizon,  whether  it  lie  in  proeess  of  eclipse 
by  the  sun,  or  whetlter  the  sun  himself  is  being  eelijMed  by  the 
moon,  one  feature  remains  invariable — the  apparent  size  of  the 
moon  is  nearly  constant.  We  can  express  the  matter  numerically. 
A  globe  one  foot  in  diameter,  at  a  distance  of  lUI  feet  from 
the  observer,  would  under  ordinary  circumstances  be  just  sulIieiFnt 
to  bide  the  di)ik  of  the  moon ;  occasionally,  however,  the  [^lobe 
would  have  to  be  brought  in  to  a  distance  of  only  101  feet,  or 
occasionally  it  might  have  to  be  moved  out  to  ns  much  ns  11 9  fw-t 
if  the  moon  is  to  be  exactly  hidden.  It  is  unusuul  f<ir  eithtrr  of 
tJicse  limite  to  bo  approached,  and  the  distance  nt  whit^h  the  globe 
ntnat  be  situated  so  as  to  exactly  cover  the  mouii  is  uHuully  more 
tbaa  105  feet,  and  ]c«i  than  115  feet.  These  tluctuation.-i  in  the 
kppaient  size  of  the  moon  are  coutainiKl  within  such  narrow  limits, 
that  in  the  fintt  glanec  at  the  subject  they  may  he  overlooked. 
It  will  be  easily  seen  that  the  apparent  si:te  of  the  moon  must  be 
connMttyl  with  its  r«tl  distant^  from  the  earth.  Suppose,  for  the 
Mtkc  of  illiuttatiou,  that  the  moon  were  to  recede  into  apaee,  its 
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size  would  Becm  to  dwindlo,  and  long  ere  i(  hud  n»ched  th«  dis- 
tance of  cvi-n  tlio  very  iK-arfst  of  iho  otlier  cvlostial  bo<]i«c,  it  would 
have  shrunk  into  initit^nilieaQce.  On  tho  othur  hand,  if  the  moon 
were  to  come  nouror  to  the  etirth,  its  appnrent  size  would  grndiully 
incTvase,  until,  when  clow.-  to  tlio  earth,  it  would  seem  like  a  mighty 
continent  stretching  over  the  sky.  Wc  find  that  the  uppan'ut  irixe 
of  Uie  moon  in  nearly  conxtant,  and  hence  wo  infer  tluit  the  n-nl 
divtAOce  of  the  moon  i»  nlm  eonstant.  The  Hvemge  viilue  of  that 
<]i«taDce  in  240,000  miles.  It  mny  appmacb  under  mre  oirotim- 
stances  to  a  distance  but  little  more  than  220,000  milm ;  it  may 
recede  under  rorc  circ-uniKtaneex  ta  a  distiince  Imnlly  lens  than 
260,000  miles,  but  the  onlinary  nuctiintions  do  not  exceed  more 
than  about  13,000  milrn  on  oltlier  side  of  itn  mean  value. 

From  the  moon's  incessant  chaiipjs  we  perceive  that  she  i»  in 
constant  motion,  ajid  we  now  further  see  thai  wliuU^ver  these  move* 
roenta  may  \k,  the  eaKh  and  the  mnoii  must  still  always  remain  at 
nearly  the  aame  distance  a^utrt.  If  we  further  add  that  the  patit 
punned  by  the  moon  around  the  hejivenn  lies  in  a  plane,  then  we 
are  forced  to  the  conclusion  thiit  the  moim  miisit  be  revolving  in 
a  nearly  circular  jnth  around  the  earth  at  the  centre.  It  can, 
indeed,  be  shown  that  the  com^int  distance  of  the  two  bodies 
involves  as  n  necessary  condition  the  revolution  of  the  moon  around 
the  earth.  Tlie  attraction  between  the  moon  and  the  earth  tends 
to  bring  tlie  two  Itodiea  together.  Tlie  only  way  by  which  such  a 
eataatro])he  can  be  permanently  avoided  is  by  causing  tho  moon 
to  revolve  around  the  earth.  The  attraction  between  the  earth  and 
the  moon  still  exists,  but  it«  effect  is  not  then  shown  in  bringing 
the  moon  in  towards  the  earth.  The  attraction  has  now  to  exert 
it«  whole  power  in  keeping  the  moon  in  ita  cinnilar  path;  were  the 
attraction  to  eease  the  moon  would  start  off  in  a  straight  lino,  and 
recede  never  to  return. 

The  fact  of  the  moon's  revolution  aronnd  the  earth  is  easily 
demonstratt-d  by  observations  of  the  stars.  Tbe  rising  and  setting 
of  the  moon  is  of  course  due  to  the  rotation  of  the  earth,  and  this 
apparent  diurnal  movement  the  moon  has  in  common  with  the  sun 
aXKJ  with  the  stars.     It  will,  Iiowever,  be  noticed  that  tho  moon  ia 
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continually  chxnj^^  iu  place  among  the  stara.  Even  in  the 
coareo  of  a  single  ni^lit,  the  displacement  of  the  moon  will  be  vxm- 
Hptcuooe  to  a  ciuvful  observer,  mthout  the  aid  of  a  tole»cope.  Tlie 
inuon  GOinpletos  il«  revolution  in  £7'd(la\-E. 

In   Fiff,  ii   wc  have  a  view  of  the  rclatiTe  positionB  of  the 
L-arth,  tht!  Kun,  and  the  moon,  but  it  ia  to  be  observed  that  tlie 
Aboi*  Ih*  PUn« 

^  of  C«r(h   wtd   Moon 

-Si"/. .-<r„.„.>w... 
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Balow  tha  Plana 
Kig.  S3.— Tlici  liludiV  p«th  aronnd  lli«  I'Wtb. 

of  the  Btin  is  really  much  greater  than  can  jwestbly  W 
reprewnt»d  in  the  ti<rurc.  That  half  of  the  moon  which  is  turned 
towards  the  Ktin  is  brilliantly  lighted  up,  and  according  as  we  sec 
more  or  Ices  of  tliat  brilliant  half  we  say  that  the  moon  is  more  or 
loM  (nil,  all  the  "  phasm  "  being  visible  in  snccession  as  shown  by 
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the  numbera  in  Kig.  23.  A  bf-g!nnfr  itomctimcM  find*  a  <lifliciilty 
in  understanding  bow  a  full  moot)  ut  night  in  really  lighted  by 
the  aun.  "Is  not,"  lie  will  lay,  "the  earth  in  the  way?  and 
muet  it  not  cut  '>5  the  itunliglit  from  every  object  on  the  other 
ride  of  the  earth  to  the  aun?  "  A  study  of  Fig.  22  will  explain 
the  diSifulty.  The  piano  in  which  the  moon  revolves  does  not 
coincide  with  the  plane  in  which  the  earth  revolves  around  the 
son.  The  line  in  which  the  plane  of  the  earth's  motion  is  in- 
tcneeted  by  that  of  the  moon  dividi^  the  moon'tt  jiuth  into  two 
Kmicirolca.     We   must  imagine  the  moon'a  path  to  he  tilted  a 
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little,  80  tlutt  the  upper  semicircle  is  somewhat  abovo  ti\<!  plane  of 
the  paper,  and  the  other  semicircle  below.  It  thua  followK  that 
when  the  moon  la  in  tho  position  markwl  full,  under  tlie  ctr- 
inimstauccs  shown  iu  the  figure,  the  moon  will  he  just  nborc 
the  line  joininf;  the  i-orth  and  sun ;  the  xunlight  will  thus  paxx 
oxer  the  earth  to  the  moon,  and  the  moon  will  be  illuntiuat«d. 
At  new  moon  the  moon  will  be  under  the  line  joining  the  ortli 
and  the  sun. 

As  the  rolativfl  positions  of  tlie  earth  and  the  sun  are  chiingin^, 
il  sometimes  happens  that  the  sun  docs  cunic  exiK^tly  into  thv  posi- 
tion of  the  line  of  inti^rvection.  When  this  in  the  due,  the  earth,  at 
tlie  time  of  full  moon,  litw  directly  between  the  moou  and  the  sun  ; 
the  moon  is  thus  ]ilungcd  into  tlie  ithailow  of  the  <urth,  the  light 
from  the  sun  is  intenrepted,  iind  we  nay  that  the  moou  is  eclipsed. 
The  moun  sometimes  only  |>artiiLl]y  entera  tb<.-  sun's  !<hu<h>w,  in  which 
tmttt  the  eolijwe  is  a  partial  ouc.  When,  on  the  other  hiiiid,  the  sua 
is  situated  on  the  line  of  iiitenteotion  at  the  time  of  new  moon,  tlie 
rooon  lies  directly  lietween  the  earth  and  the  huh,  and  the  dark  body 
of  the  moon  then  cuttt  oCC  the  sunlight  fmni  the  earth,  producing  a 
sular  eclilMic.  Usually  only  a  jiart  of  the  sun  is  thus  ohstjured,  furni- 
ing  the  well-known  partial  eclipse ;  if,  however,  the  moon  pass  oen- 
tmlly  over  tlie  bud,  then  we  may  have  either  of  two  very  remarkablo 
kinds  of  celipHe.  SometimeB  the  moon  entirely  blots  out  the  sun, 
and  thru  we  have  the  sublime  spectacle  of  a  total  eclipse,  which  tells 
UH  si>  much  as  to  the  nature  of  tlie  bud,  aDd  to  which  we  have  already 
refern^l  in  the  last  chapter.  Occasionally,  however,  ev^^n  when  the 
moon  is  placed  centrally  over  the  sun,  a  thin  rim  of  sunliffht  is  seen 
round  the  margin  of  the  moon.  We  then  have  what  is  known  as 
aD  annular  eclipse.  It  is  very  remarkahle  that  the  moon  is  some- 
times able  to  completely  hide  the  sun,  and  sometimes  fails  to  do 
•o.  It  happens,  curiously  euough,  that  Uie  averaj^e  apparent  size 
of  the  moon  is  equal  to  the  apparent  size  of  the  sun,  but  owing  to 
the  lluotuations  in  their  distances,  the  actual  apporunt  sizes  of 
both  bodies  undor^  certain  ohan^^.  It  may  happen  that  the 
appanat  size  of  Uie  moon  is  greater  than  tlutt  of  the  sun.  In  this 
CBM  a  ventral  iwssagt.-  produws  u  total  eclipse ;  but  it  may  «Im 
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happen  that  the  ^>pH9iit  size  of  tho  sun  oxoeed*  thitt  of  tlii.'  moon, 
in  which  case  a  central  poflsagv  cnn  only  produce  un  unnular  eclipse. 

There  an  hardly  any  more  interesting  «e- 
leitUI  pbenomtina  than  tliu  difftTont  licscrip-        /  \    J 

tions  of  ecli|wCM.  The  ulmumu;  will  idwiiy* 
gire  tiinL'ly  notice  of  the  o<!t'urroiic«,  und  tht: 
more  striking  fntiinw  c»n  be  ohnerved  with- 
out a  tol««c»i>o.  In  nn  vclipitc  of  tlic  moon 
(Fig.  24)  it  in  intcr«w(ing  to  note  the  moment 
wlien  the  hliK'k  »liadow  u  lirnt  detected,  to 
watch  tbi  gnidiiul  eiicrom^hmcnt  over  tlie 
bright  surface  of  the  moon,  to  follow  it,  in 
case  the  eclipHC  is  total,  until  there  is  only  a 
thin  orescent  of  moonlight  left,  and  to  watch 
the  6nal  extinction  oC  that  crescent  wlien  the 
whole  moon  is  plunged  into  the  shadow.  But 
noWB  spectacle  of  great  interest  and  beuuty  1      V     I         ti. 

is  often  manifested ;  for  though  the  moon  is 
so  hidden  behind  the  earth  that  not  a  single 
irect  ray  of  the  sunlight  could  reach  the 
yet  it  is  often  found  that  the  moon 
remains  visible,  and   indeed  actually  glows 
with  a  copper  hue  bright  enough  to  permit 
Kversl  of  the  markings  on  the  sui-face  to 
be  seen.     Whence  this  light?     It  is  due  to        J 
the  aunheams  whioh  have  just   grazed  the 
edge  of  the  earth.      In  doing  eo  they  have         / 
heoome  bent  by  the  refraction  of  the  atmo-        ' 
sphere,  and  thus   turned   inwards   into  the       ,■ 
shadow.     Such  beams  have  passed  through      / 
thickness  of  the  earth's  atmo-      /' 
and   in   this   long  journey  through 
hundreds  of  miles  of  uir  they  have  become  tinged  with  a  ruddy  or 
copper  hue.     Nor  in  this  proiH.-rty  of  our  atmosphere  un  unfamilisr 
one.     Docs  not  the  sun  at  sunriite  or  ut  sunset  glow  with  a  light 
much  mure  ruddy  thau  the  beams  it  dispcnAes  at  nuoiulay?     But 
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at  Miinitet  or  kt  niinrisc  tlii-  mjs  Iinvc  a  viutly  gTCutvr  tnaM  of 
Mmocplicri!  to  penetrate  thiin  iiwy  have  nt  noon,  nnd  accordingly 
Uicy  are  able  to  ^vv  to  tbc  nyt  tlip  ruddj'  colour  which  is  a  cho- 
nwteristic  feature  of  KiinMrt.  In  tb«  vnac  of  tiiv  «clipiMxI  mooti,  the 
BUDbeams  have  un  atnioNpherio  jottrney  double  m  grant  ui  that 
at  Run>et,  aiid  henc«  the  ruddy  glow  of  the  moon  U  accounted  for. 

The  almHiincTfl  give  the  full  jKU-ticulan  of  each  eclipse  that 
happens  i»  the  eorreapondin^  year.  They  are  able  to  do  this 
because  afltronomere  have  been  earetully  observing  tlie  moon  for 
ages,  and  have  learned  from  these  observations  not  only  how  the 
moon  moves  at  the  present,  but  also  how  it  will  move  for  ages  to 
come.  The  actual  calculations  are  very  troublesome  and  com- 
plicated, but  there  is  one  leading  principle  about  eclipses  which  is 
so  simple  that  we  must  ntfer  to  it.  The  eclipses  occarrtng  this 
year  have  no  very  obvious  relation  to  the  ccli]>se8  that  octmrrcd 
laot  year,  or  to  tho«tt  tlial  will  occur  next  year.  Yd,  when  wo 
take  a  more  extended  view  «f  the  Mtiuence  of  eclipses,  a  very  dcli- 
uite  principle  becomes  tnanifest.  If  wc  obsiTvc  all  tbc  cclipKca  in 
a  i)eriod  of  eighteen  ycarti,  or  nineteen  years,  then  we  can  predict 
future  ecli{W)i  for  »  long  time.  It  is  only  necessary  to  recotlcel 
that  in  G,hfib{  davK  after  one  eclipse,  a  nearly  similar  ecliine  followc. 
For  inHtnncc,  a  beautiful  eclipse  of  the  moon  occurred  on  the  Ttth 
of  Uceeraber,  1881.  If  we  count  buck  C,5H3  day*  from  tlial 
date,  or,  that  is,  eighteen  years  and  eleven  days,  wc  come  to 
Noveml>er  HtU,  1863,  and  a  aimilar  eclipiic  of  the  moon  took 
place  then.  Again,  there  were  four  eeliiimc*  in  tlie  year  1881.  If 
we  a<ld  r>,l}Si>)t  dayn  to  the  dote  of  each  ccIipKc,  it  will  give  the 
dat«s  of  nil  tlie  four  coligwes  in  the  year  ISDtf.  It  wa«  thi*  rule 
wliieli  enabled  the  ancient  aatronomers  to  pn-diet  the  reeurrenee  of 
eclipses,  before  they  uudenAood  the  motions  of  the  moon  nearly 
as  well  aa  we  do  now. 

During  a  long  voyage,  and  |)erhaps  under  critical  circum- 
stances, tJie  moon  will  often  render  tlie  sailor  the  moat  inv^u- 
able  information.  To  uavig&te  a  ship,  sup|>ose  from  LiveqHxil 
to  China,  the  captain  must  frc<)uently  determine  tlie  precise 
positioD  which  hia  ship  then  occupies.     If  he  could  not  do  this. 
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he  woald  never  find  his  wny  ocrose  (he  tmfikloss  Dceau.  U  ik  in 
the  first  place  hy  ul>««T\-iitioiis  oF  the  sun  that  the  [itucc  of  tli^ 
«htp  is  found ;  but  in  addition  U>  ilivse  obsiirvutiooB,  wliich  tell  him 
hia  local  time,  the  cnptuin  rtKiuiiM  to  know  the  (irccnwich  timi' 
before  he  am  {iliuic  hix  (ingar  ut  a  point  of  the  cliart  and  wty, 
"  Mj  ship  i»  here."  To  aiwertain  the  Greenwich  time,  tlie  ship 
CMTriec  a  chrDnometer,  whieb  has  been  ciLrefully  rated  WFore  Rtart- 
iiig,  iind,  UK  ft  precQkiition,  two  or  three  or  more  obroiiometers  are 
tuunlly  employed ;  for  an  unknown  error  in  tlie  chronomtiter  will 
be  a  very  Mriou*  »r  dftngeroiia  niiitter.  Kvery  minute  that  the 
ehronoinetor  in  wrong  may  perhaps  put  the  mptaiu  Rtteen  roilea 
out  of  htM  D'ckoiiin^.  It  in  thfrfrore  Kometinie*  of  importunee 
to  Imve  the  nieuiiM  "f  tcs'ling  the  ohrdiioinctcr;  and  it  would  he 
n  great  oonveniuiice  if  every  captain,  when  he  wished,  could  actu- 
ally coDKult  some  infallible  «Uindan]  of  Greenwich  time.  We 
want,  in  fiiet,  a  Greenwieh  clock  which  mny  be  visible  over  the 
whole  globe.  There  is  such  a  clock  ;  tittd,  like  any  oilier  clock,  it 
bas  a  {ae«  on  which  certain  marks  are  mode,  and  a  hand  wlu'-h 
travel*  round  thnt  fatw.  The  gnuil  c-loek  at  Westminster  Hhrinkx 
into  insigni lieu  nee  when  compurtxl  with  the  mighty  clock  which  the 
estpttin  uses  for  netting  hi*  eliMnometi-r.  Tlie  fiiec  of  this  ctu- 
pcndouM  dial  is  the  surface  of  Ibe  heavens.  The  numbers  cngraviij 
on  the  face  of  a  cloi^k  arc  rc-placed  by  the  twinkling  etars ;  while 
the  band  which  moves  over  the  dial  is  the  beautiful  moon  herself. 
Wbn  the  raptain  desires  to  teat  his  ehronomeler,  he  measures 
the  <listance  of  the  moon  from  a  neighbouring  star.  For  example, 
he  nifty  see  that  the  moon  is  three  degrees  from  the  star  Regutus. 
In  ttie  Nautical  Almanae  he  finds  tl)c  Greenwich  time  at  which  the 
moon  was  three  degriH.-*  from  Kegulus.  Comparing  this  with  the 
indications  of  the  chronometer,  he  finds  tlie  re(|uired  correction. 

We  owe  much  to  the  mofjn.  Wo  hope,  imle«si,  in  a  subsequent 
chapter,  to  |>oint  out  that  we  owe  a  great  deal  more  to  her  than 
was  formerly  suspected;  but  Uioro  is  one  widcly-creditwl  myth 
about  tlie  nmin  which  must  be  regardei]  as  devoid  of  real  founda- 
tioD.  I'he  idea  tlmt  the  moon  and  the  weather  are  connected  has 
no  doubt   bent  entertained   by  high    authority,  but  careful  com- 
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pariflon  has  shown  that  there  ib  no  definite  connection  between 
the  two. 

We  often  notice  lai^  blank  spaces  on  mapa  of  Africa  and 
of  Australia,  which  indicate  onr  ignorance  of  the  interior  of  those 


Fig.  26 — Koy  U.  Chart  of  the  Moon  (Plato  VI.) 


great  continents.  We  can  find  no  such  blank  spaces  in  the  map 
of  the  moon.  Astronomers  know  the  surface  of  the  moon  better 
than  the  geographers  know  the  interior  of  Africa.  Every  spot  on 
the  face  of  the  moon  which  is  as  large  as  an  English  parish,  has 
been  surveyed  and  mapped,  and  in  many  cases  even  cbristened. 

The  map  of  the  moon  shown  in  Plate  VI.,  and  based  upon  draw* 
ings  made  with  small  teleBcopeSj  gives  a  general  view  of  that  side 


PLATK    VI. 


CHART    OF    THE    MOON'S   SURFACE. 


THE  MOON. 
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the  moon  which  is  preeeoted  to  the  earth.  We  can  see  from 
it  the  most  characterifltie  feattii^s  of  lunar  Boenery.  Those  dark 
T^ons  BO  well  known  in  the  ordinnry  fall  moon  are  easily  recog- 
nised on  the  map.  They  were  originally  thought  to  be  seas,  and 
indeed  they  still  retain  the  name,  thouf^h  it  is  obvious  that  they 
contain  no  water.  The  map  also  shows  certain  ridges  or  elevated 
portions,  and  when  we  apply  mca«urvment  to  these  objects  we 
learn  that  they  are  mighty  mountain  rangv-s.  But  the  most 
striking  features  in  the  map  arv  thoHO  ring-like  objects  which  are 
scattered  over  the  surface  in  profusion.  These  are  known  as  the 
lanar  craters. 

To  facilitate  rorerencc  to  the  different  poiuls  of  intereut  we  have 
arranged  an  index  map,  which,  upon  comparison  with  the  plate 
oE  the  mooD,  will  ^ve  a  clue  to  the  names  of  the  different  objects. 
Th«  neut  are  represented  by  capital  lettera;  tlius,  for  instance,  A 
is  the  Mare  Cn'sium,  and  H  the  Ocoanus  Procellarum.  The  ranges 
of  mountains  are  indicated  by  email  lett«n<;  thus  n  on  the  index 
,  ildicatGs  the  so-called  Caucasus  mountains,  and  the  Apennines  an' 
rdnetod  by  c.  The  remarkable  objects  of  such  %'arJed  Kize  known 
enter*  ars  distinguished  by  numbers;  thus  the  feature  on  the 
map  lying  under  1  on  the  index  is  the  cmter  Posidonius. 


A.  Man  Cnninn- 

/. 

OopliUenuuid  D'Abm- 

to.  Copemkiu. 

B.      H    FinninditatuL 

bort  mountains. 

11.  Kepler. 

to.        .    Tniiquilli  latin. 

J- 

Rook  inauoUitui. 

\%  ArJitarchuR. 

S.      K    6«r«iiitnli<. 

k. 

DcprlHl       „ 

la.  Grinuilili. 

It.      „    Imlitium. 

t. 

LuilinitB     ., 

14.  QMMndi. 

7.      n    Siwu  Iridium. 

IS.  Si'hit'knrd. 

O.      „    Vapnruin. 

16.   Warginlin. 

B.  OmUu  Prwi'lliu'Uni. 

1. 

Fomdonius, 

IT.  CUdiM, 

L   Hare  Huaiorum. 

a. 

T.inn^i 

18.  Tyoho. 

J.      H    Nnbiiun. 

3, 

Arialottd. 

19,  Alphuo*. 

K.     ,.    Nootarii. 

4. 

Oroat  Vallor  of  lh« 

ID.  Ptolemy. 

S. 

Alpa. 
AiuUUiu. 

11.  CkOmriM. 

21.  Cyrlllui. 

a.  CkuoaiM  nuunUiiw. 

0. 

Autolvpu*. 

IS.  ThMphilof. 

'■  Alps 

7. 

ATi>hiin«d)«. 

34    Pnlnviua. 

t.  Aponniiie         ., 

R. 

I'Uto. 

as.  Hyipnua. 

J.  OupiLthiui      M 

9. 

Entaftbinua. 

3S.  Trionieclinr. 

Luiur  object*  can  only  be  well  Kccn  when  the  sunlight  falls 
upon   them   in  such  a  manner   as  to  exhibit  atrongty-oontrasted 
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light  uid  ehade.  It  in  on  thU  sccount  tiuposniblc  to  observe  the 
moon  well  at  the  time  when  it  is  full,  for  then  no  oonBjncuouB 
•hkdows  are  cast.  The  best  time  for  seeing  aaj  object  usually 
coincides  with  the  time  when  the  boundary  between  light  and 
«(h«4J«  passes  through  tb«  neighbourhood,  and  then  the  features  are 
brought  out  with  flxqoisito  distinctness. 

Platv  \'II.*  f^v«6  an  illustration  of  the  lunar  scenery, 
the  object  rcjin.'iEcntod  bcin);  known  to  astronomers  by  tho  name 
IhiiMnockLT.  Thi-  district  included  is  only  a  very  email  fmction  of  the 
entire  snrfacc  of  the  moon,  yet  the  actual  area  ia  very  considerable, 
cnibracing  as  it  docs  many  hundreds  of  square  miles.  We  8C«  in 
it  various  ranges  of  lunar  mountains,  while  the  cential  object  in 
the  picture  is  one  of  those  remarkable  lunar  craters  which  are  the 
ehantct eristic  features  of  lunar  scenery.  This  crater  is  about  twenty 
miles  in  diameter,  and  it  has  a  lofty  mountain  in  the  centre,  the 
peak  of  which  is  jtist  shown,  illuminated  by  the  rising  eun. 

A  typical  view  of  a  lunar  crater  is  shown  in  Plate  Ylll.     This 

it  no  doubt  a  somewhat  imaginary  sketch.    The  point  of  view  from 

which  tlio  artist  ts  supposed  to  have  taken  the  picture  is  one  quite 

unattainable  by  terrestrial  astronomers,  yet  there  oau  be  little  doubt 

that  it  is  a  fair  representation  of  the  objects  on  the  moon.     We 

•liould,  however,  recollect  the  scale  on  which  it  is  drawn.    The  va«t 

crater  muot  be  many  miles  across,  and  the  mountain  at  its  centre 

miut  be  thousands  of  feet  high.     The  teIeaco|)e  will,  even  at  its 

best,  only  show  the  ntuou  as  well  m  we  could  see  it  with  the  un* 

aided  eye  if  It  were  only  about  250  miles  away  instead  of  being 

240,000.     VVe  must  not,  therefore,  expect  to  see   any  details  on 

the  moon  even  with  the  finest  telescopes,  unless  they  were  coarse 

enough  to  be  visible  at  a  distance  of  250   miles.     A  view  of 

England  from  a  distance  of  250  miles  wonid  only  show  London 

as  a  sort  of  coloured  s])ot,  by  contrast  with  the  general  surface  of 

the  country. 

*  Thi>  ikelfih  hM  been  copied  bjr  pennusion  from  the  very  liwiitiral  *i«w  la 
Mum  S'nnuvtli  and  Cupontcr'*  book,  ut  which  it  foniu  Plato  XI.    Us  othaeJ 
itluillnlibns  of  lunar  tonwry  In  I'Utu  VII.,  Till.,  IX.,  an  frvni  the  tana.     'ilM^ 
phioWinii{ili*  wcN  otiUincd  frvn  wadeU  (atafulty  euajUucud  to  iUuvtnte  tka 
iMtiirca  on  Iho  moon. 
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We  return,  however,  from  a  lomcwliat  fmiiey  fkt^toh  to  a  more 
pniRaic  i.']Uiniitittlion  of  what  th<-  tvlcscopo  <loeH  actuully  rcvi-ul. 
Pliit4!  IX.  rcprcit«Dt«  a  large  crater  which  it  well  knowD  to  every 
DBcr  of  a  teleacope,  and  which  has  keen  christened  Plata.  The  floor 
of  the  crater  of  Platci  is  very  nearly  fbt,  and  in  this  tusn  the  centmt 
mountain,  ao  often  a^en  in  otJier  cratera,  ia  wanting. 

The  mountain  peaks  on  the  moon  throw  long,  sliarply  defined 
shadows.  These  shadows  are  indeed  characterised  1>y  a  definitencss 
^vfaich  we  do  not  find  in  I«rrestriul  slmdows,  the  difference  no  doubt 
rising  &ora  the  absence  of  air  from  the  moon,  The  air  on  tlie  earth 
diffuses  a  certain  amount  of  light,  which  mitigates  the  blackness  oE 
terrestrial  shadows,  and  tends  to  soften  their  oiitUne.  No  such  in- 
fluences are  at  work  on  the  moon,  and  the  sharpness  of  the  shadows 
is  taken  advantage  of  in  oar  attempts  to  measure  the  heights  of 
the  lunar  mountains. 

It  is  often  easy  to  compute  the  altitude  of  a  ehurch  stcqilc,  a 
lofty  chimney,  or  a  simitar  object,  by  mcaiturinj;  the  length  of  its 
shadow.  The  simplest  and  the  most  accurate  process  is  to  measure 
at  noon  the  number  of  feet  from  the  ba«C  of  tlie  object  to  the  end 
of  the  shadow.  The  elevation  of  the  itiin  on  the  day  in  questioQ 
can  he  obtained  from  the  ulmanuc,  and  thiin  the  length  of  the 
shadow  follows  by  a  simple  ealculiition.  Indeed,  if  the  observations 
were  made  on  the  Ith  of  Afnrch  or  the  Cth  of  September  at  London, 
Uie  calculation  would  thvn  Iw  unneoesaoiy,  for  llio  noonday  lGai;tJi 
of  the  sliudow  h  Cftial  to  the  altitude  of  iJie  object.  In  Miimmer 
the  length  of  the  shadow  is  less  than  the  altitude;  in  winter  the 
length  of  the  shadow  exceeds  the  altitude.  At  sunrise  or  Kunset 
the  hIuuIows  are,  of  course,  much  lon^r  than  at  noon,  and  it  is 
duidows  of  this  kind  that  are  measured  on  the  moon.  These 
measum  are  made  by  that  most  indispensable  adjunct  to  the 
eijuatorlal  telescope  known  as  the  micrometer. 

The  niieroineter,  in  its  most  ordinary  form,  is  a  small  piece  of 
apparatus  wUirh  can  be  screwed  on  to  the  eye  end  of  the  telescope. 
The  word  ilenotes  an  instrument  for  measuring  tmatl  distances.  In 
one  sense  the  term  is  not  a  very  happy  one.  Tlio  object*  to  which 
the  astronomer  appliee  the  micrometer  are  usually  anything  but 
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Bin&Il  objects.  T\\cy  are,  in  fact,  often  objects  of  the  moRt  trans- 
Mndent  dimeneioDs,  vastly  exceeding  the  moon  or  the  nin,  or  even 
oar  whole  s^em,  in  bulk.  Still,  the  name  i«  not  nltogetber 
inappropriate,  for  vast  though  the  objeota  may  be,  they  yet  »prm 
minute,  even  in  the  telescope,  on  account  of  their  gn-at  ili^tAiice. 
V!e  require,  therefore,  for  aucb  measures  an  instrument  capable  of 
the  very  greatest  nicety.  Here,  again,  we  invoke  the  aid  of  the 
spider,  to  whose  assistance  in  another  department  we  have  alrcatty 
referred.  In  the  filar  micrometer  two  spider  lines  are  parallel,  and 
one  inlvrvccts  them  ut  right  luigloi.  One  or  both  of  the  parallel 
lines  can  be  moved  by  moans  of  a  screw.  The  distance  throogb 
which  the  line  has  been  moved  ii<  accurately  indicated  by  noting  the 
number  of  rcvolutiooK  and  juirtx  of  a  revolution  of  the  screw. 
Suppose,  then,  the  two  linos  b«  fint  brought  into  coincidence,  and 
then  moved  apurt  until  llie  apparent  length  of  the  ehmlow  of  the 
mountain  be  eqiuil  to  tlie  distance  of  the  linen :  wo  then  know  the 
number  of  revolutions  of  the  micrometer  screw,  which  is  equivalent 
to  the  length  of  the  shadow.  Tlie  value  of  the  ecrow  is  known  by 
other  obH^rvationK,  and  hence  the  length  of  the  (shadow  can  he 
determined,  and  its  equivalent  in  milea  nn  be  aaccrtained.  The 
elevation  of  the  sun,  at  the  nwment  when  the  mcasuree  were 
made,  is  also  found,  and  hence  Uiu  actual  elevation  of  the 
mountain  cim  be  ouleiilated.  By  measures  of  thio  kind  the 
height  of  the  rampart  Kumiunding  «  crater  on  the  moon  can  be 
learned. 

The  beauty  and  interest  of  the  moon  as  a  telescopic  object 
induces  us  to  give  to  the  student  a  somewhat  detailed  account  of 
ttie  more  remarkable  features  which  it  present*.  Most  of  the 
objects  wo  arc  to  describe  can  be  effectively  seen  with  only  a  very 
moderate  tvlocopic  power.  It  is,  however,  to  be  ohtter^ed  that  all 
of  them  cannot  be  well  seen  at  one  time.  The  student  must 
remember  that  the  region  most  distinctly  shown  is  the  boundary 
between  liglit  and  darkness.  He  will,  therefore,  select  for  <d»er- 
vation  Kuch  objects  as  may  happen  to  lie  on  or  near  that  boundary 
at  the  time  when  he  is  observing.  We  shall  here  follow  the 
nuinbefing  on  the  key  to  the  map. 
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1.  Poiiifoniui. — ^Th?  diameter  of  thJt!  Urge  cntUrr  it  noftrly  00 
milea.  Although  its  s»rroun()in<;  waJI  is  comparatively  narrow,  it  ■■ 
so  distinc-tly  marked  as  to  nuilcc  the  object  v«ry  coiiitptcuoiis.  A»  ao 
frvqiiently  liappenn  in  luimr  v»lc«noeB,  the  bottom  of  the  crater  ii 
btilow  the  level  <if  the  mirnniinlinjf  phiin,  in  (he  present  inatanoe 
to  tlio  cxtcDt  of  nearly  £,gOO  feet.  Toward*  the  elom!  uf  last 
century,  Sohroet«r,  the  indunlrious  Hanoverian  olxerver,  fancied  he 
saw  traces  of  activity  in  the  little  eruter  »n  the  floor  of  Posidonius. 
It  is  remarkable  that  he  described  it  as  l>cing  only  grey  in  the 
interior,  at  a  time  when  it  on^ht  to  have  been  full  of  black  sbadovr. 
This  is  particniarly  interesting  in  connection  with  what  has  been 
observed  in  the  next  object. 

t.  LinHi. — This  aniall  crater  lies  right  out  in  the  Mare  Sereni- 
tAtis.  Fifty  or  sixty  years  ago  it  was  described  as  about  6|  miles 
in  diameter,  and  otherwise  bo  conspicuous  as  to  be  tued  by  two 
astronomers  as  a  fundamental  point  in  the  survey  of  the  moon.  In 
1806  Schmidt,  of  Athens,  announced  that  the  crater  was  olxK'ure*!, 
apparently  by  cloud.  Sinoe  tJien  an  ext^eedingly  small  crater  hiw 
bMO  vixiblc,  but  the  whole  object  is  now  so  inconspicuous  that  it 
would  hardly  be  chosen  as  a  landmark.  On  the  whole,  this  is  the 
most  clearly  proved  case  of  present  change  in  a  lunar  object, 

S.  ArittotU. — lilts  great  philosopher's  name  is  attai^hed  to  a 
grand  crater  60  mites  in  diameter,  the  interior  of  which,  although 
very  hilly,  shows  no  de<ndedly  marked  central  cone.  But  the  lofty 
wall  of  the  crater,  exceeding  10,500  feet  in  height,  oremhadows 
the  bottom  so  long  titat  ila  irregularities  are  never  seen  to  ad- 
vantage. 

4.  Tie  Oreni  ValUf  of  lie  Alp*. — Right  tlirongh  the  lunar 
Alps  runs  this  wonderfntly  straight  valley,  with  a  width  ranging 
from  3i  to  0  miles.  It  is,  according  to  Miullcr,  at  least  11,500 
feet  deep,  and  over  80  miles  to  length.  A  few  low  ridges  run 
parallel  t<>  tta  sides,  possibly  the  result  of  landslip*. 

5.  Aritliiliu. — Under  favourable  conditions  Lord  Rouse's  great 
telMOOfM  ho*  shown  the  exterwr  of  this  magnificent  crater  to  he 
marked  over  with  deep  gullies,  radiating  from  its  centre.  It  is 
about  34  milw  wide,  and  about  10,00U  feet  in  depth. 
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0.  Jvtoffeiti  is  somewhat  smaller  than  the  iaref^mr^,  to 
which  it  forms  a  comjunion  in  accordance  with  what  Madler 
thonjfht  a  well  defined  relation  amongst  lunur  craters,  by  wbieli 
thwj-  fruquently  ooeurred  iu  pairs,  with  the  smaller  one  more  usually 
to  the  south.  This  does  indeed  occur  repeatedly,  but  towards  the 
edge  the  arrangement  is  generally  rather  apparent  than  real,  and  is 
merely  a  result  of  foreshortening. 

7.  Archimei!e». — This  largo  plain,  about  50  miles  in  diameter, 
has  itfl  vast  smooth  int«ior  divided  into  eeren  distinrt  zones  run- 
ning cast  and  west.  Tliere  is  no  oentral  mountain  or  other  obvionfl' 
internal  sign  of  former  activity,  but  its  irregular  wall  rises  into 
abrupt  towers,  and  is  marked  outside  by  decided  terraces. 

8.  Ptat0. — In  the  northern  part  of  the  moon  this  extensive 
"  Bteei-grey  "  plain  is  noticeable  with  the  smallest  telescope.  It  is 
admirably  represented  in  Plate  IX.  The  average  height  of  the 
rampart  is  about  3,^0U  feet  on  the  eastern  side;  the  western 
side  ia  somewhat  lower,  but  there  is  one  peak  rising  to  tlie 
Imght  of  nearly  7,300  feet.  Ilie  plain  girdled  by  this  rart^M 
rampart  ia  of  ample  proportions.  It  '\a  a  itomt-what  irregular^H 
circle,  abont  sixty  miles  in  diameter,  and  containinj^  an  area  of 
2,700  square  miles.  On  its  floor  the  shadows  of  the  western 
wall  are  beautifully  shown,  as  also  thr<M>  iimaU  craters,  of  which 
a  large  number  have  been  detected  by  perseverinjcf  observera. 
The  narrow  shurp  line  leading  from  the  crater  to  the  left  is  one  of 
those  remarkable  "  clefts  "  which  traverse  the  moon  in  so  many 
directions.  Another  may  he  seen  further  to  the  left.  Above  Plato 
are  several  detached  mountains,  the  loftiest  of  whii^h  is  Pico, 
about  8,000  feel  in  height.  Its  long  and  ]>otnted  shiidow  would 
nt  first  wight  lead  one  to  sup[>ose  that  it  must  be  very  strep ;  but 
Schmidt,  who  Kpeeially  studied  the  inclination  of  lunar  KlopcN,  is 
of  ojiiuion  that  it  in  not  nearly  so  steep  as  many  of  the  Swiw 
mountaina  that  are  fn^quently  useendcd.  To  give  some  idea  of 
Selimidl's  amazing  induKlry  in  lunar  retiearcheis,  it  may  be  men- 
tioned that  in  six  ye«ra  he  made  nearly  rjT.OOU  individual  settings 
of  his  micrometer  in  the  m^aiturement  of  lunar  oltitudeR.  Ilis  great 
chart  of  the  mountains  in  the  moon  ia  luised  on  no  less  than  S,7SI 
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drawings  and  st*tolieB,  if  those  are  counted  twice  that  may  hav« 
bwn  used  for  two  divisions  of  the  map. 

9.  Emtoufhenet. — This  profound  emt<>r,  upwards  of  37  miles 
in  diameter,  li«8  at  th«  end  of  the  gi^ntii;  nngv  of  the  A]>cnDincs, 
and  not  iinprol>ably,  in  aocordanco  willi  M^dli-r'n  Ktif^pction,  it  <mc« 
formed  the  outlet  of  the  Htupendoua  fome*  that  ck-vati^d  thuso 
comparatively  oraterless  peaks, 

10.  Copemleu*. — Of  alt  the  hinnr  craters  this  ia  one  of  the 
CTande§t  and  beet  known.  It  is  particularly  tvcU  known  through 
Sir  John  lierachel's  drawing,  ao  hcuutifiiUy  ri-proilutH>d  in  the 
many  editions  of  the  "Outlines  of  Aatrouomy,"  The  re^on  to 
the  west  is  dotted  over  with  innumerable  minute  craterlets.  It 
has  &  centra]  many-peaked  mountAia  about  8,400  feet  in  height. 
There  is  good  reason  to  believe  that  the  terracing  shown  in  ita 
interior  is  mainly  doe  to  the  repeated  alternate  rise,  partial  con- 
gealalion  and  retreat  of  a,  vaet  aea  of  lara.  At  full  moon  it  ia 
Burrounded  by  radiating  streaks, 

11.  Kepler. — Although  the  int«rnal  dejitli  of  this  crater  is 
scarcely  less  than  10,000  feet,  it  haa  but  a  very  low  surrounding 
wall,  which  is  remarkable  for  being  covered  with  the  «ame  glisten- 
ing substance  that  also  forms  a  system  of  bright  rays,  not  unlike 
those  surrounding  the  last  object.  It  has  bci>n  pointed  out  that 
this  is  the  only  instance  id  which  thi'su  mysterious  bright  rays 
occnr  in  a  level  part  of  the  moon. 

12.  ArigfarehiM  is  the  most  hrilliitnt  crat4>r  in  the  moon,  being 
)i{)ecially  vivid  with  a  tow  power  in  a  large  tetcsco{>e.  So  bright  i« 
it,  indeed,  that  it  has  often  been  Hct-n  in  the  dark  aide  of  tlic  moon, 
just  aftiT  new  moon,  and  has  thus  given  rise  to  marvellous  storic* 
of  active  lunar  volcanoes.  To  the  sonth-eaat  is  another  smaller 
crater,  Herodotus,  north  of  which  is  a  narrow  deep  valley,  nowhere 
more  than  t\  miles  broa'),  which  makes  a  remarkable  2igzag.  It 
is  one  of  the  largest  of  the  hiiuir  *'  cleftn." 

13.  Qrimal4i  calls  for  notici'iK  the  darkest  object  of  its  size  in 
the  moon.  Under  very  exceptional  ciroumstaoces  it  has  lieen  tteew 
with  the  naked  eye,  and  as  it*  awa  has  been  estimated  at  nearly 
14,000  squara  milvs,  it  giv(«  an  idea  of  how  little  unaided  vision 
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eu  (liaDern  in  tli«  nnon  ;  but  it  must  be  luldoil  that  we  always  one 
Onmaldi  cotiKidc-rnltly  fi>reiihort«ne(]. 

14.  Thi.'  f^ut  cnitiir  Gauendi  hiu  l>cfn  very  frequently  mapped 
ondcefiunt  of  it«  v«ry«liibiirateKj-»ti!m  yf  "  clefts."  At  its  northern 
end  it  commiini(ut««  with  a  Km^tUer  but  muoh  deeper  crater,  that  ie 
often  still  filled  with  black  ^hftdow,  after  the  whole  floor  of  (iassendi 
is  illuminated. 

15.  Sckictar'l  ia  another  larje  cratw  ^mnf^  vwy  Utile  Im« 
in  AttA  than  the  foregoing.  Within  its  va.4t  expanse  Madler 
delected  23  minor  omters.  It  was  with  regard  to  this  crater  that 
Chftcornac  fint  point«d  out  that  owing  to  the  curvature  of  the 
surface  of  the  moon,  a  spectator  at  the  centre  of  the  fioor  "  would 
think  himself  in  a  boundless  desert/'  the  surrouniling  wait, 
although  in  j>art  over  1I),000  feet  high,  being  entirely  beneath  the 
horizon. 

16.  Close  to  the  fofegoing  is  tfargtiHin.  There  can  b<t  little 
•loubt  that  this  is  reidly  a  huge  crater  filled  almost  to  the  very 
brim  with  oongealed  lava. 

17.  Claviut. — Near  the  60th  jutrnllel  of  Innar  south  latitude, 
lies  this  enormous  enclosure,  whose  area  is  not  less  than  16,500 
square  miles.  Both  in  its  interior  and  on  it«  walls  are  many  peaks 
and  secondary  cniters.  The  telescopic  view  of  a  sunrise  upon  the 
surface  of  Claviiis  is  tndy  said  by  MUdler  to  be  indesoribably  mag. 
nificent.  One  of  the  ix-nks  rises  not  less  than  :i+,OUO  feet  above 
the  bottom  of  on«  of  the  included  eraters.  Madler  even  expressed 
the  opinion  that  in  this  wild  neighbourhood  there  arc  craters  so 
profound  that  no  ray  of  sunlight  ever  penetrated  their  lowest  depths, 
while,  as  if  to  compensate  for  this,  there  am  peaks  whose  summits 
enjoy  a  moan  day  almost  twice  as  long  as  their  night. 

18.  If  the  full  moon  be  viewed  through  even  an  opera-glass  or  the 
•RUtUeet  hand -telescope,  one  crat^-r  is  immediately  seen  to  be  con- 
Bpiouons  beyond  all  others,  by  reason  of  the  brilliant  rays  or  streaks 
that  radiate  from  \l.  This  is  tbe  majestic  lyc^o,  17,000  feet  in  depth 
and  50  miles  in  diameter  (Plate  \.].  A  peak  6,000  feet  in  height 
rises  in  the  centre  of  its  floor,  while  a  series  of  termccs  diversify  its 
interior  sIo|)e<,  but  it  is  Uie  wonderfnl  and  profoundly  mystorioue 
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Virijjlit  rays  tliat  chiefly  call  forth  our  admiratinn  and  surprwe. 
When  the  sun  riBes  on  Tycho,  these  streaks  are  utterly  iiivtHible  in 
■to  neighbourhood,  so  inueh  so  indeed  that  it  then  requirea  a 
pmctispd  eye  tn  reeo^ise  T)-cho  nmidst  its  moiiiitaioona  snrround- 
iti|i^.    But  as  Boon  as  the  sun  has  attained  a  heif^ht  of  about  ib"  to 

1 30^  above  the  horizoD,  the  rays  emer^  from  their  obeeurity,  and 
graduully  incre&se  inbrightuesE  until  full  moon,  when  they  be<H>in« 
the  most  conspicuous  objection  her  surface.  Ae  yet  uo  satigfootory 
explanation  has  been  given  nf  Ihc  oriffin  of  these  objcclB.  They 
Bre  of  all  lenifths,  from  a  few  hundred  to  two,  or  in  one  inclanec 
nearly  three  tbotimnd  mileit  in  length.  They  extend  tliMiixelveit 
with  superb  imiifrercncp  aOToen  van!  pliiiiiK,  into  the  dee)H-iit  craters, 
or  over  th«  bi|rhc«t  o]poi*ing  ridg«-K.  We  know  of  nothing  «>n 
our  earth  to  which  they  can  be  comjiured. 

Near  the  centre  of  the  moon's  dix!  is  a  tine  range  of  oraters, 
always  full  open  to  our  view  under  all  ilhmiinationn,  of  tliCM;  two 
may  be  mentioned — Alphont  (19),  the  fl<wr  uf  which  in  wtmngely 

'.  marlced  by  two  bright  and  several  dark  mnrkin>re  not  due  to  irregu- 
larities in  the  sui-face.  Plolrmy  (^0).  Besides  several  small  inclosed 
erolers,  its  floor  is  crossed  by  very  numerous  low  ridges,  visiblv 
when  the  sun  is  rifting  or  sotting, 

21,  22,  f^. — When  the  mMiii  \*  live  or  six  days  old  a  beautiful 
group  of  three  cniters  will  \w  rejidily  fuund  on  the  boundary-  line 
between  night  and  thij;.  Thene  ar«>  Oilhurina,  CyriUut,  and 
ThtcphUwi.  Catharina,  the  must  southerly  uf  the  group,  is  mure 
than  16,000  feet  deep,  and  eonneetnd  with  Cyrillus  by  a  wide 
volley ;  but  between  Cyrillus  and  Tbeoplnlus  there  is  DO  such 
connection.  Indeed  CyriUus  loots  as  if  its  huge  surrounding 
mmparta,  as  high  as  Mount  Blimc,  bad  been  completely  finished 
when  the  v^ileanic  forces  eommeneed  the  fornuttion  of  Tlieophilus, 
the  rampart  of  which  encroaehes  c(m>'idi'nd>Iy  on  its  older  neigh- 
bour. Theophilus  stands  as  s  well-ilelin«^l  round  cnit<-r  about  64 
miles  in  diameter,  with  an  internal  depth  of  I*,000  to  18,000  feet, 
and  a  beautiful  central  group  of  mounlaitu,  one-third  of  tluit  Iwtght 
on  \iA  floor.  Tliis  pr<ives  that  the  last  eruptive  efforts  in  this  part 
of  the  moon  fully  ei^ualled  in  intensity  those  that  had  preceded 
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them.  Althouifli  ThTO|>liilus  is  on  thu  whol«  the  ilci.']>c«t  crater  wo 
can  seo  In  the  moon,  it  hu»  rvccivod  little  or  no  ili-fortnation  hy 
secontlary  cruptious,  while  the  floor  and  will  of  Cntharina  show 
complete  sequences  of  leaser  craters  of  vuriuus  sizes  that  havo  brcikcu 
in  upon  antl  partly  destroyed  each  other.  In  the  spring  of  the  year 
somcwliat  before  the  tirst  (jiuirt«r,  this  instructive  ^roiip  of  extinct 
valuinoes  can  be  seen  to  gnut  HtlvvRtiigv  at  a  convenient  hour  in 
the  eveninff. 

ii.  PelaviHt  is  remurkHble  not  only  for  its  goAi  sixe,  but  also 
for  the  rare  feature  of  having  u  double  runijiart.  It  in  a  hfliiitiful 
gSjeot  in  the  very  new  moon,  or  just  after  full  moon,  but  dis- 
appears absolutely  when  the  sun  is  more  than  '15^  shove  itit 
horizon.  The  crater  Hoor  is  remarkably  cooveK,  culminating  in  u 
central  ^n^up  of  hills  intersected  by  a  deep  cleft. 

25.  Uygitttn  is  a  small  crater  near  the  neighbourhood  just 
mentioned.  One  of  the  lar^fiift  of  the  lunar  chasms  piiKses  right 
thrf'iigh  it,  making  an  abrupt  turn  as  it  iIo<.-s  so.  It  is  not  difficult 
to  lind  under  any  illumination.  , 

26.  Trietneeket . — This  fine  crater  has  been  alrcatiydeseribcd  on 
p.  62,  but  is  again  alluded  to  in  onler  to  draw  attention  to  the 
elaborate  system  of  chasms  so  consjncuously  shown  in  Plate  VII. 
That  tlieee  chasms  are  depressions  is  Hbundantly  evident  by  the 
sliiulows  inside  them.  Very  often  their  miir^ns  nro  appreciably 
ruised.     They  seem  to  he  fractures  in  tlic  moon's  surface. 

Of  the  various  mountains  tluit  an;  uecusionally  »een  as  pro- 
jcrctions  on  the  actual  edge  of  tbe  moon,  those  culled  ufttrr  I.eibnitx 
{0  w.'cni  to  be  the  highest.  Schmidt  found  the  highest  jwak 
iipwiinlsof  -H.flUO  feel  above  a  neighbouring  valley.  In  conijiariiig 
th<!i(e  altitudes  with  those  of  mountains  on  our  earth,  wc  miut  fur 
the  latter  mid  the  depth  of  the  aca  to  the  height  of  the  land, 
Iteckoned  in  this  way,  our  highest  mountains  arc  still  higlier  than 
any  we  know  of  in  the  wood. 

Wa  mtHl  now  discum  tlie  very  important  question  as  to  the 
origin  of  these  remarkitlile  features  on  tlie  surface  of  tbe  moon. 
We  fhall  admit  at  tbe  outset  that  our  evidence  on  this  subject 
is  only    indirect.      To  rtlablieh   by   unimpeachable   evidence  th« 
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Tolcanic  origin  of  th«  remiirlcablv  tunnr  cnitors,  it  would  be  nlmtDtt 
necesouy  that  volcanic  uulbunlK  slioiild  luivo  l>e«ii  witnwt^vd  on 
the  moon  tlirouf^b  utir  tek-wx>|K«,  uiiii  timl  miicIi  outbitnU  •liould 
have  been  seen  to  resnlt  in  ibe  fontiation  of  thv  wcll-kiiowii  ring, 
with  or  wittiout  tbe  tuutiiitain  riitiug;  fmin  tbv  o-iitn^  of  the 
plain  that  tlie  rin^  aurrounda.  Have  any  Nuvb  pbenoincna  been 
witneMed  l>;  astronomere  ?  To  uiy  tJiat  nuthitig  of  Uie  kind  baa 
ever  been  witueaaed  would  be  rather  too  emplmtic  a  nutcnieiit.  Ou 
certain  occasions  carefnl  obeervere  have  reported  tbe  occiirrenoe  of 
minute  local  chancres  on  the  diood.  Ah  we  have  already  remarked, » 
crater  named  Linn^,  of  dimeDsinns  rapeotable,  no  doubt,  to  a  lunar 
inbabilant,  but  forming  a  very  inimnaiderable  telescopic  object,  was 
thouf^ht  to  have  undertone  some  change.  On  another  occasion  a 
minute.-  cnit«r  was  thought  to  have  arisen  near  \a  the  vrdUknown 
cratt.'r  num<.-d  Hvf^nus  ;  but  the  mere  enumeration  of  such  instanct^'S 
l^ivut  n.-nl  finpliatiis  to  tbe  statement  that  there  is  at  the  prvsent 
time  no  B]>preciablc  source  of  (liBturbanoe  of  tbe  moon'H  surface. 
Even  were  these  triHiug  oases  of  Muspected  cliangc  really  cetablisbed 
—and  tbifl  is  perhaps  rather  farther  tiian  most  astronomers  would 
be  n-tltin)(  to  f^o — they  still  are  utterly  insi^ilicant  when  compared 
witJi  the  mighty  phenomena  that  ffave  ri«o  to  the  host  of  ^^rent 
craters  which  cover  so  large  a  portion  of  tlie  moon's  surface. 

We  are  Iwl  inevitably  to  the  concluiiion  that  llie  utirfacc  of  the 
moon  once  possessed  much  gniitcr  itetivity  than  is  at  pnwcnt  tbe 
case.  We  can  also  give  a  rcnwiiuiblc,  or,  at  all  events,  a  plausible, 
vxpbinution  of  theeesiuition  of  that  activity  in  recent  tiroes.  Ijcttia 
glanoc  at  two  other  bodies  of  our  ayiitem,  the  earth  and  the  «un, 
and  comjiarc  them  with  tbe  moon.  Of  the  three  Ixxliett,  the  ami 
is  enuniiousty  (be  greatest,  while  tbe  moon  is  much  less  than  tbe 
nrlh.  U'e  have  also  seen  that  the  sun  is  hi-ated  to  an  enormous 
temgicniture,  aiid  further  on  in  this  work  tbe  reasons  will  be  given 
£or  believing  that  the  sun  ia  gradually  ]wrUng  with  its  luut.  Tlie 
surface  of  the  earth,  formed  as  it  is  of  solid  rocks  and  elay,  or 
eovi-red  as  it  is  in  great  part  by  tho  vai^t  expanse  of  ocean,  lieam 
but  few  obvious  tnicefl  of  a  high  temiterature.  Xevertheleas,  it  ia 
highly  probable  from  ordinary  votcsnic  phenomena  that  the  inlerior 
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of  the-  curtli  »till  poMtesse*  itn  enormously  hij>h  tcmperatare.  The 
argiiin«tit  iit,  Ihoti,  tui  follows.  A  liirgc-  liody  t«kea  a  lon^r  time  to 
flool  than  a  «m«II  body.  A  large  iron  casting  will  take  days  to 
oool ;  a  small  casting  will  beoome  ooU  in  a  few  hours.  WhattfvtT 
inny  have  been  the  origiiuil  source  of  heat  in  our  system — a  question 
whiuh  need  not  now  be  discussed — it  seems  sufficiently  plaio  that 
ihe  (lifffivDt  bodies  in  the  syiitem  were  all  originally  heated,  and 
have  now  for  ages  been  gradually  eooliog.  The  sun  is  so  vast  that 
he  has  not  yet  had  time  to  cool ;  the  earth,  of  intermediate  bulk, 
has  had  time  lo  cool  on  the  outside,  while  still  retaining  vast  atoree 
of  internal  beat ;  while  the  moon,  least  of  all,  has  bad  time  to  cool 
to  suoh  an  extent  that  changes  of  important-e  on  its  surface  can  no 
lungiT  Ix!  originsU-d  by  internal  fires. 

Wc  arc  thug  led  to  refer  tlic  origin  of  the  lunar  cmters  to  some 
ancient  e|)och  in  the  moon'*  history.  How  ancient  that  epoch  is  to 
be  we  have  tio  meunn  of  knowing,  hut  it  is  |iossible  to  form  a 
surmise  that,  in  all  prolmhility,  tbc  antiquity  of  the  lunar  cratero 
is  enormously  great.  At  the  time  when  tlie  moon  was  suSieiently 
heated  to  \in\i-  \hc.so  vast  voliviiii!  i-onvulsionv,  of  which  the  intgbly 
(.-raters  are  the  survivals,  the  earlh  must  have  Ix-en  wry  mudi  hotter 
than  it  ts  at  present.  It  is  not,  indeed,  at  all  uuieusonable  li> 
believe  that  when  the  moon  was  hot  enough  for  its  voK-anoi-s  ti> 
he  active  the  earth  was  so  hot  that  life  was  imjKiaaible  on  iln 
Mirfuce.  I'his  HUpposition  would  ]>oint  to  an  antiijuily  for  the 
moon's  craters  far  too  great  to  be  estimated  by  the  eenturieii  and 
the  thousands  of  years  which  are  adei|uate  for  the  la]i«o  of  time 
as  recognised  by  the  history  of  human  events.  It  sceniN  not  un- 
likely that  millions  of  years  may  have  eluiMcd  since  tlie  mighty 
craters  of  Plato  or  of  Copernicus  consolidated  into  their  j>re>ient  form. 

It  will  now  be  possible  for  us  to  attempt  to  a<y<»uiit  for  the 
formation  of  the  lunar  craters.  Tlie  most  probable  views  on  the 
nibjeet  are  certainly  those  adopted  by  Mr,  Nasmyth,  though  it 
most  be  admitted  that  they  are  by  no  means  five  from  dilliculty. 
Wc  can  explain  the  way  in  which  the  rampart  around  the  lunar 
crater  is  formed,  and  tbe  great  mountain  which  so  often  adorns  ihe 
oentre  of  the  plain.    The  view  in  Fig.  26  contains  an  imaginary 
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Bk«tcb  of  A  volcanic  vent  on  tlie  moon  in  the  days  when  the  eratore 
were  active.     The  eniption  is  here  in  the  TuU  (lush  of  its  energr. 
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Vig.  liS.— Volcuio  m  AuCivity. 


Pig.  3T.-»ubMqu(n>l  KMbU  Ai-Urity. 

the  internal  forces  are  hurling  forth  a  fountain  of  aBh^s  or 
ueE,  which  fall  down  at  a  consiiderable  distuico  from  the  vent ; 
and  these  a«cumulationH  «onNtitut«  th«  niiii{iurt  surrounding;  Uie 
orater. 
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completely  free  from  the  earth's  atmp»pherA  he  woiiUJ  only  linve 
advanced  »  very  small  fra<?tion  of  the  whole  journey  of  240,000 
miles,  and  there  is  still  a  vast  void  to  he  traverji(>d  hefore  the  moon 
is  rea<>hed.  If  the  moaa  were  furnished  with  an  atmocphcre  like 
the  eurth,  n»  the  traveller  got  near  the  end  of  liis  journey,  and 
within  a  few  htiii(:trL>d  mite«  of  the  moon's  Rurface,  be  would  ex[>eet 
to  meet  a^in  with  traces  of  an  atmosphere,  which  would  gradually 
increase  in  density  until  he  arrived  at  the  mocm'ii  surface.  The 
traveller  would  thus  have  passed  tlirou^  one  atmosphere  at  the 
beginning  of  his  journey,  and  another  at  the  end,  while  the  nuin 
portion  of  the  journey  would  have  been  tlirough  space  more  void 
than  the  receiver  of  an  air-pump. 

Such  would  be  the  case  if  the  moon  were  coated  with  an  atmoe* 
ph ere  like  that  surrounding  our  earth.  But  what  are  the  facta? 
The  traveller  as  be  drew  near  the  moon  would  look  iu  vain  for  an 
atmosphere  at  all  resemblinR  ours.  It  is  possible — indeed  it  is 
probable — that  when  he  was  close  to  the  surface  be  mi^ht  meet  with 
faint  troccf  of  some  s^aseous  covering  surrounding  the  moon,  but  it 
would  not  be  a  fractional  part  of  the  ample  clothing  wliidi  the 
earth  now  enjoys.  For  all  purposes  of  respiration,  as  wi*  under- 
stand the  term,  we  may  say  that  there  is  n<i  air  on  the  moon, 
and  an  inhabitant  of  our  earth  trausferred  to  the  moon  would 
bo  as  certainly  Ruffocated  there  as  he  would  be  in  the  middle  of 
space. 

It  may,  however,  be  asked  how-  we  learn  tht».  Is  not  air 
tmnttpiin-nt,  and  how,  therefore,  could  our  telescopes  be  expected  to 
show  whether  the  moon  really  possessed  such  an  envelope?  The 
fact  is  U)at  it  is  by  indirect  methods  of  observation  that  we  learn 
the  nake<lnesa  of  the  moon.  There  are  various  arguments  that 
can  be  adduced ;  bat  the  most  conclusive  is  that  obtained  on  the 
occurrence  of  wlint  is  called  the  "  occultation  "  of  a  star.  It  sume- 
times  happens  that  the  moon  comes  directly  between  the  earth  and 
a  star,  and  the  temporary  cstinction  of  the  star  is  an  "  oecultation." 
"We  can  observe  the  moment  when  the  oecultation  takes  place,  and 
the  auddentiess  of  the  extinction  of  the  star  is  extremely  remark- 
able.    If  tlie  moon  had  a  oopiuoa  itinosphere,  the  gradual  inter- 
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Fjueition  of  thin  atmocplwrc  by  the  tnorompnt  of  tlio  moon  would 
proiliioG  a  gnidunl  cxlinctiuii  of  th«  star,  und  uot  tlic  sudden  plieuo- 
menon  ii»iuilly  observed. 

Tlic  abiiencR  of  air  and  of  vrater  from  the  moon,  cxplnins  the 
pccittiiir  mid  wdrd  nipginlneas  of  the  lunar  ncfiicry.  Wo  know 
that  on  tho  earth  the  iiction  of  wind,  and  ot  rain,  of  fro*t,  und  of 
snow,  in  conRtaiitly  tending  to  wear  down  our  mountaine  and 
pedijce  their  nsiwritie^,  but  no  etich  a^nts  are  at  work  on  the  moon. 
Volcanoes  sculjitured  the  moon  into  ito  present  eoixlition,  and, 
though  the  volcanoes  have  beeu  sileut  for  ages,  the  triiee«  of  their 
handiwork  seem  neurly  aa  fresh  to-day  as  iJiey  were  when  the  mi|;hty 
fires  were  extiiiffuiiihed. 

"The  clouil-capiied  towers,  the  ^rgeoux  lulaces,  the  Miemn 
temples"  have  hut  a  brief  career  on  earth.  It  is  chiefly  the  incea- 
sant  action  of  water  and  of  air  that  makes  them  vanish  like  the 
"boaeleas  fabric  of  a  vision."  On  the  moon  these  eansM-s  of  diHin- 
tegration  and  of  decay  are  all  absent,  though  perhaps  the  (changes 
of  temjxTntiirc  in  the  traosition  from  lunar  day  to  lunar  night 
would  be  attended  with  expansions  and  contraetionK  that  might 
compenitate  in  mme  degree  for  the  absence  of  more  potent  agents 
of  dioKolution. 

It  tteemR  probable  that  a  building  on  the  moon  would  remain 
for  century  after  century  just  as  it  was  h-ft  by  the  builders.  There 
need  be  no  gWs  in  the  windows,  for  there  is  no  wind  and  no  rain 
to  keep  out.  There  need  not  be  tireplaees  in  the  rooiiifi,  for  fuel 
cannot  bum  witliout  air.  Dwellers  in  a  city  in  the  moon  would 
find  that  do  (lust  can  rise,  no  odours  be  perceived,  no  sounds  !» 
heiiril. 

Man  ia  a  creature  adapted  for  life  in  oircumstances  which  are 
very  narrowly  limited.  A  few  degrees  of  temperature,  more  or 
lem;  a  alight  variation  in  the  composition  of  air;  the  precise 
mitabilily  of  food;  make  all  the  difference  between  health  and 
nckncsa,  between  lifi^  and  death.  Looking  beyond  the  moon,  into 
the  IsDgtli  an<t  brea<lth  of  the  universe,  we  lind  conntleas  celeiitial 
globes  with  every  conceivable  variety  of  temperatnre  and  of  c*on- 
I.      Amid  thi«  vast  number  of  worlds  with   wliich  )i]>ace 
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toemi,  are  there  any  inhabited  by  living  Win^?  To  tliix  grc«t 
question  scienoe  oan  make  no  response,  save  Uiih;  we  can  not  tvll. 
Yei  it  is  impossible  to  resist  a  conjecture.  We  Bud  our  csrth 
Uwming  with  life  in  every  part.  Vta  tlnd  life  undtr  the  mo»t 
vftriu<l  conditions  tJiat  can  bu  conceived.  We  huve  life  under 
the  biiminfr  hmt  of  the  tropic* ;  we  likve  life  in  the  werlaittinR 
frost  at  the  pole*.  We  liavc  life  in  cavm  where  not  a  ray  oC 
light  ever  pcnetnite*.  We  Imvc  life  in  tho  deptli*  of  the  Wi>an,  at 
tlu!  prewturs  of  tons  on  the  siniare  inch.  Whiitcver  be  the  extcmul 
circum stances,  some  form  of  life  can  gencmlly  be  found  to  which 
tlioie  circum 'stances  are  oonfrenJal. 

It  is  not  at  all  likely  that  even  amonf*  the  million  ^heres  of 
the  universe  there  is  a  single  one  exactly  like  our  earth;  like  it 
in  the  possession  of  air  and  of  water,  like  it  in  size  and  in  composi- 
tion. It  does  not  seem  probable  that  n  man  could  live  for  one  hour 
on  any  body  in  the  universe  except  the  vurth,  or  that  an  onk-trtw 
could  live  in  any  otliur  sphere  for  a  Kinglc  Mcason.  Men  can  dwell 
OD  the  earth,  and  oak-trees  can  thrive  there,  because  the  cuntttitutions 
nf  the  man  and  of  the  oak  are  specially  adapted  to  the  particular 
circumstances  of  the  earth. 

Could  we  obtain  a  clos«>r  view  of  some  of  the  celestial  bodi«M,  wo 
should  probably  lind  that  they,  too,  teem  with  life,  but  wilb  life 
specially  adapted  to  the  environment.  Life  in  forms  stranjfe  and 
weird ;  life  fur  stranger  to  \w  than  Columbus  found  it  to  lie  in  th« 
Xow  World  when  he  tirxt  landed  there.  Life,  it  may  be,  stntngvr 
ihan  ever  Dauto  dcKcnbe*],  or  \)ot€  drew.  Intelligence  may  yet 
hare  a  home  among  tbow  spheres  no  less  than  on  tlte  earth. 
There  are  glolws  greater  and  globes  U««s — atmospheivjs  grealer  and 
atmospbereii  lex*.  And  the  truest  philoxophy  on  thia  aubject  u 
crystallised  in  the  exquisite  laiiguagi'  of  Tennyson  :— 

"  Ttii*  Imtli  within  lliy  miii'l  rclimiMh 
Thnt  in  B  buunillr«  utiiTuiw 
1*  bountUoB  bottar,  boundlw  troiat. 

TtitiV  jwk  ihli  mould  oi  bopm  and  h»M 
Oould  find  no  itBUIi«r  than  hi*  pe«n 
la  yoodfli  hundind  millian  ijiliora  f " 
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KEHptianal  Impcntaneo  of  tbo  Sim  and  Moon— The  ConrtD  to  bo  punapd— Tbc 
Vnler  «l  Pitfnw-Thg  NcighbouriDg  0»W— How  «re  Uwy  lo  V«<  .liKinnii- 
lutad  ^TIm  PUnota  Venu«  nod  .Tujiiti.T  atUnot  notfo*  by  thdr  briltianc^r— 
8iiju>  not  a  nrighboor— 'lliH  PUnct*  Snturn  and  Mctmrjr— Tolocopic  I1iui(>ti 
— Thi.'  Critoriini  u  to  whnthcr  ■  Dody  U  to  be  rankisl  m  n  Drinlibour— Mnwing 
of  Ih*  wopJ  J*iiiff— Cranmi  and  Xqitunc — CoTriutii — Thn  Plonntu  ore-  Illumi- 
natnd  by  tho  Sun— Thn  Stnni  »r«  not— Thn  t&irth  U  rodly  a  rUnct— The  four 
Innrr  Plnnrta.  llorcoiy.  Vonii*,  the  I^utb,  and  Mnoi- Vojocity  ol  tht  Earth — 
Th»  (liiln*  flani.'tf,  Jupiter.  tNitum.  Uniniui,  X(<ptune— Llifht  Biid  Ilrat 
raccind  by  th<<  I1iui«tii  trrnn  thu  Sun — OomiwTntivn  Sun  o(  the  Pbuieta— The 
Uinor  PUneU-Tbo  PUnot*  all  RmoItb  in  the  oiinic  ditrclion- The  Solar 
Sjratom — Aa  laland  Uroup  in  Spaor. 

Ix  tlift  two  ]]reo(>dint;  chapters  of  this  work  we  haw  eDdttvourod 
to  tk-ecribe  the  heavenly  b'xlii-a  in  the  order  of  ihrir  relative 
im]wrtance  to  mankind.  Passing  on  from  the  preliminary 
fhapt^re,  which  principally  discuseed  the  means  by  which  w* 
wer«  cuftbled  to  observe  the  heavenly  bodies,  we  then  procoeilvd  to 
deccribe  thoee  objects  themselves.  Could  we  hesitate  for  a  moment 
ax  to  wbicli  of  the  bodies  in  the  tmiverse  sbonld  be  the  Rn^  to 
receive  our  attention?  We  do  not  now  allude  to  the  intrinnie 
iti|rnitionnce  of  the  snn  when  compared  with  other  bodies  "r  ^mpa 
of  WidicH  ecattered  through  space.  It  may  be  that  the  sun  )tu 
many  orbi  rivalling  it  in  real  splendour,  to  bulk,  and  in  mass. 
^Ve  sJiall,  in  fact,  show  later  on  in  this  volume  that  thi»  is  the  case ; 
and  we  shall  aftern-ards  attempt  to  indicate  the  tnie  nmk  nf  th« 
ran  amid  the  cnuutless  host  of  heaven.  Btit  whatever  may  W  the 
importance  of  tlic  sun,  vieweil  merely  as  one  of  the  bodies  which 
teem  through  itrpace,  there  can  be  no  hesitation  for  a  moment  as  to 

tlutw  immefunirably  his  influence  on  the  earth  surpasses  that  of  all 
btae  bodies  in  the  universe  put  together.     It  was  therefore  natural 

[^indeed   inevitable — that  our  first   excursion  into  the  abysc  of 


THE  STORY  OF   THE  HEAVENS. 


space  ehouM  W  to  explore  thai  mighty  body  which  ia  the  boutcq  of 
our  life  itself. 

Nor  could  there  be  very  much  hesilation  as  to  the  second  gtcp 
which  ought  to  be  taken.  The  intrinsic  importance  of  the  moou, 
when  compared  with  other  celestial  bodies,  may  be  small ;  it  it, 
indeed,  we  ehall  afterwards  see,  almost  in6nite«imal.  But  in  the 
economy  of  our  earth  the  moon  still  plays,  and  lias  played,  n  part 
eeoond  only  in  importance  to  that  of  the  snn  himself.  The  moon 
u  80  close  to  tie  that  her  brilliant  rays  pale  to  invisibility  countlcH 
orba  of  a  size  and  an  intrinsic  splendour  incomparably  tT'^At^T. 
The  moon  also  occupies  quite  an  exceptional  position  in  the  history 
of  astronomy ;  for  the  greatest  discovery  that  science  hat>  yet  nit- 
oeesed  was  accomplished  by  means  ot  her  motion.  It  was  thi-re- 
fore  natural  that  an  early  chapter  in  our  Story  of  the  Htavciisi 
should  be  devoted  to  a  body  whose  interest  approximat«d  so  cloiely 
to  that  of  the  sun  himself. 

But  the  sun  and  the  moon  partly  described  (we  shall  afterward* 
find  it  nevcMsary  to  return  to  both  of  them),  some  hesitation  is 
natural  in  the  choice  of  the  next  step.  The  two  great  luminariw 
bein^  abstracted  from  our  view,  there  is  no  other  celestial  body  of 
such  exceptional  interest  and  si^nilicance  as  to  make  it  quite  clear 
what  course  to  pursue,  in  the  attempt  to  unfold  the  story  of  the 
heavens  in  the  most  natural  manner.  Did  we  attempt  to  dcAcriW 
the  celestial  bodiw  in  the  order  of  their  actual  maf^''^"*^'  **'" 
ipnoranca  must  at  once  pronounce  the  attempt  to  be  impijsi'ible. 
We  caniiot  «vcq  make  a  oonjreturc  an  to  which  body  in  the  henvcui' 
is  to  stand  Arst  on  the  lixt.  Even  if  that  mightiest  body  be  within 
reach  of  our  telcHCOiMw  (in  itself  a  highly  improbable  supposition), 
wc  have  not  the  least  idi'a  in  what  part  of  the  heavens  it  i<  to  bv 
souglit.  And  even  if  this  wvrt-  possible — if  wo  wen.-  able  to  arnuigi: 
all  tliv  risible  bodice  mnlc  by  rank  in  the  ordor  of  their  magni- 
tude and  their  upletidour^ — still  the  scheme  would  be  inipracticable, 
for  of  most  of  them  wc  know  little  or  nothing. 

We  are  therefore  compelled  to  adopt  a  different  m>'lhod  of 
[Hooodure,  and  Hw  Miroplvst,  as  well  as  the  most  natural,  will  be  to 
follow  at   far  an  pOMible  the  order  of  distance  of  the  different 
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bodicx.  We  Itavt-  already  spoken  of  the  moon  aa  the  nearvst  neigh- 
bour to  the  earth,  we  shnll  next  consider  some  of  the  other  celestial 
bodies  which  are  comparatively  near  to  us;  then,  as  the  work  pro- 
Cecdn,  wf  >1ib1I  discuss  the  object*  further  and  further  away,  until 
towiirtiK  the  close  of  the  volume  we  shall  be  enffHRed  in  considering 
the  most  distant  bodies  in  the  universe  which  the  telescope  huK  yet 
revcded  to  us. 

Even  when  we  have  decided  on  this  principU,  our  coune  iit  RtUI 
not  free  fr<>m  doubt.  Many  of  the  bodii«  in  the  heaven*  are 
moving;  ko  thitt  their  distjincvs  from  the  earth  change,  but  thitt  itt 
a  diflicnlty  which  need  n«t  really  detain  us.  We  ithall  mulns  no 
attempt  to  adhere  clooely  to  the  principle  in  all  its  detaiU.  It  will 
be  suihcient  if  we  tiritt  deticribe  those  gtval  bodies — not  a  very 
numeroua  class — which  are,  eamparativcly  Rpealcing,  in  our  vicinity, 
though  Htill  at  viist  ami  varied  dictance*;  and  then  we  HhaJl  pass 
on  to  tiie  almiist  infinitely  numerous  bodies  which  are  Keparat«d 
&om  ue  by  ditttanent  so  stupendous  that  the  imagination  is  baffled 
io  the  attempt  to  realise  them. 

Let  us,  thi'n,  scan  the  heavens,  to  clioose  therefrom  those 
neighbouring  orbs  which  are  to  form  the  mnt^-rial  for  our  earliest 
consideration.  Tlicsun  has  set,  the  moon  hsK  not  risen;  a  cloud- 
less sky  discloses  »  hmvon  glitterinf;  with  countleM  genui  of  light. 
Some  atv  grouped  t4^-ther  into  well-marltifl  c<>nstellalio»H ;  other* 
scattered  promiscuously  hither  and  thither,  with  evcrj'  degree 
of  lustre,  from  the  very  brightest  down  to  the  faintest  point  that 
the  eye  can  just  discover.  Amid  all  thin  hovt  of  objects,  how  arr 
we  to  identify  those  which  are  neanst  to  the  earth?  Look  to  the 
west:  the  Eun  has  hut  lately  set,  and  over  the  spot  whi^re  hia 
departing  f>eanui  still  linger  we  itee  the  lovely  evening  star  shining 
forth.  Thisi  is  the  planet  Venus — a  beauteous  orb,  twin-sister  to 
the  earth.  Tlic  brilliancy  of  this  planet,  its  rapid  changes  both 
in  position  and  in  lustre,  would  suggest  at  once  that  it  was 
much  nearer  to  the  ciirlh  than  other  star-hke  objects.  This  pre- 
sumption has  iM'cn  amply  (-oQlirmed  by  careful  nieasnrements,  and 
therefore  Venus  is  to  be  included  in  the  list  of  the  orbs  which 
constitute  our  neighbours. 
a  2 
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Another  n>iii>[iici]i>ii*  plnnot — nlmovt  rivnlling  Vcniia  in  lustre, 
and  vaMt]y  nirpnmio^  Vcuhr  in  the  niit^nificonoe  of  itK  proportinns 
and  iu  retioue — has  borne  from  nil  iintitiuity  th(>  majestic  name  o£ 
Jupiter.  No  doubt  Jupiter  m  much  more  (Uftatit  from  ua  thnn 
Venua.  Indeed,  he  i:«  alwnyit  at  h^aat  twice  oa  far  away,  while 
he  is  aometimea  ten  timei  uv  far.  Hut  KtiU  we  muitt  include 
Jnjiiter  niRong  our  DeighhotirK.  Compared  with  the  hnxt  of  alara 
with  whii-h  the  hnvenu  glitter,  Jupiter  muat  he  regarded  aa  quite 
near.  The  diKtAncc  of  Jnpit«r  can  only  be  expressed  in  hundreds 
of  millioiiK  of  milea;  yet,  vuft  a*  that  distance  ia,  it  would  have 
to  be  multiplied  by  tena  of  thousands,  or  bundn^a  of  thousanda, 
before  it  would  be  large  enough  to  span  the  stupendous  ahyt» 
which  interrenea  between  tlie  ejirth  and  the  atars  which  form  the 
eonatellations. 

Venus  and  Jupiter  hare  invited  our  attention  by  their  far 
superior  brilliancy.  To  them  must  now  be  added  a  few  other 
bodies,  in  which  hrillianey  can  hanlly  any  longer  bo  n  reliable 
indication.  An  obaerrer  unacquainted  with  astronomy  mifrht  not 
imjirrtbably  point  to  the  Dog  Star — or  Siriua,  as  astronomers  more 
generally  know  it — as  an  object  whose  exceptional  lustre  showed  it 
to  bo  one  of  our  neighbours,  but  this  is  not-  the  eiu*.  We  shall  after- 
wards have  occasion  to  refer  to  tbis  gem  of  our  northern  skies  with 
eonfiderable  detail,  and  then  it  will  appear  that  Sinus  is  really  m 
mighty  j^lobe  far  transcending  in  splendour  onr  own  sun,  bat 
plnnj^  into  tbe  depths  of  space  to  sucb  an  appalling  distance  that 
hia  enfeebled  rays,  when  they  reach  the  earth,  give  us  the  im- 
pKsaion,  not  of  a  mighty  snn,  but  only  of  a  brilliant  star. 

The  principle  of  selection  which  we  are  to  adopt  will  bo  ex- 
plained presently ;  in  the  meantime,  it  will  be  safficient  to  olwrvc 
that  our  Met  is  to  he  angmcnte<l  first,  by  tbe  addition  of  llic 
unique  object  known  iw  Saturn,  whoso  brightness  is,  however,  for 
nurpuaed  by  that  of  Sirius,  as  well  as  by  a  few  other  otam.  Then 
we  add  Mkn^  an  object  which  oceaiiionally  drawn  in  close  to  the 
rarth,  ami  abinea  with  u  Fivry  radiance  which  would  hanlly  prepare 
ua  for  the  truth  that  Mars  ia  intrinsioilly  one  of  the  smallest  of  the 
eelestiat  bodtos.    Decides  the  objects  we  have  mentioned,  the  ancient 
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BstnuionKTs  hiid  (lettfctt^d  a  fifth,  ktiAWU  as  Mercury — a  planet 
nbicli  15  usually  invisible-  umid  the  light  siinuuiidiug  the  suii. 
Murcury,  however,  oocuiitotially  waiidem  far  enough  from  the  bud 
to  be  Kon  before  Hunriite  or  after  auiiset,  aud  was  thus  discovered 
ages  ago.  These  five^Mercury,  Venus,  Man,  Jupiter,  and  Saturn 
^^xlmust  the  list  of  planets  so  far  as  the  ancient  astronomers 
Liiew  them. 

We  can,  however,  now  extend  the  list  somewhat  further,  by 
adding  to  it  the  telescopic  objects  which  have  in  moderu  timee  beeu 
found  to  be  justly  entitled  to  be  included  among  our  neighbours. 
Here  we  must  no  longer  postpone  the  introduction  o£  the  criterion 
by  which  we  are  to  decide  whether  a  boily  is  near  the  earth  or  not. 
The  planets  can  be  to  some  extent  recognised  by  tlie  steady  radiance 
of  their  light  as  contrasted  with  the  incessant  twinkling  of  the 
(tars.  A  very  small  amount  of  attention  devoted  to  any  of  the 
bodies  we  have  named  will,  however,  point  out  a  more  definite 
contrast  between  them  and  the  stors.  We  observe,  for  iiislancv, 
Jupiter,  OD  any  clear  night  when  the  stats  ean  be  well  seen, 
and  note  carefully  his  position  with  regard  to  the  stars  in  his 
neighbourhood — how  he  is  to  the  right  of  this  star,  or  to  the 
left  of  that;  directly  between  this  i«ir  of  stars,  or  directly  ]>ointv-(l 
to  by  that.  We  then  either  mark  down  the  place  of  Jupiter  on 
a  map  or  a  globe,  or  make  a  sketeh  of  the  etant  in  tlu-  neigh- 
bourhood  showing  the  position  of  the  planet.  Aftt^r  a  month  or 
two,  when  the  observations  are  to  bu  reiwuted,  the  place  of  Jupiter 
is  Hgain  to  be  compared  with  Ihow  stars  by  which  it  was  before 
dolinod.  It  will  be  found  that,  while  the  Htar*  have  pretterved 
their  mutual  positions,  tin?  phice  of  Ju]iiter  luw  changed.  Ilenc-; 
it  is  tlmt  Jupiter  is  wiUi  propriety  calleil  a.  planet,  or  a  wanderer, 
ipcwntly  moving  from  one  part  of  the  starry  heavens  to  another. 
By  similar  comparisons  it  can  be  shown  that  tlie  other  bodies  w>' 
have  mentioned — Vcniu  and  Mercury,  Saturn  and  Mara — are  also 
wanderers,  and  belong  to  that  group  of  heavenly  bodies  known  as 
planets.  Here,  then,  we  have  the  Kimple  criterion  by  which  the 
earth's  neigltboum  are  to  W  readily  discriminated  from  the  stars. 
Each  of  the  bodies  near  tlie  earth  is  a  plaikct>  or  a  wanderer,  and 
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the  mvtv  fai-t  Uutt  a  bodj*  is  a  wand«rpr  it  nlonc  snfBcient  to  |)r<>vc 
it  lo  be  ODe  of  the  class  which  we  are  now  xtiulvitig- 

Provided  with  this  test,  we  can  at  once  make  n  considerable 
on  to  our  list.  Amid  the  myriiid  orbii  which  the  telescope 
a,  here  and  there  is  found  one  which  is  a  wanderer.  Two 
other  mighty  planets,  known  as  Unintis  niid  »»  Neptune,  Eniut 
tbtis  be  added  to  the  live  already  mentioned,  makini;  in  all  a  group 
of  ecvcn  (freat  planets.  A  vastly  ffrcuter  nwmWr  may  also  be 
reckoned  when  we  admit  to  our  view  bodicx  which  iii>t  only  swem 
minute  tclcitcopic  objects,  but  imlly  arc  minute  glolwsi  when  eom- 
piu-ed  with  the  mighty  bulk  o£  onr  earth.  These  Ichsit  planctn,  to 
the  number  of  between  two  and  three  hundred,  arc  niso  among  th« 
earth's  neighbours. 

We  should,  at  thia  point,  n-mark  that  a  class  of  heavenly 
bodies  widely  differing  from  the  planets  murt  also  he  ineludtd 
among  our  neighbour.  The  bodies  w«  refer  to  are  the  ciimets.and, 
indeed,  it  may  hnjipen  that  a  comet  will  sometimes  <lrBw  nearer  to 
the  earth  tlian  even  the  closest  approach  ever  made  by  a  planet. 
These  remarkable  and  mysterious  visitors  will  necessarily  engage  a 
good  deal  of  our  attention  later  on ;  but  for  the  present  we  confine 
our  attention  t*)  thoae  more  substantial  globes,  whether  large  or 
small,  which  are  always  termed  pianefji. 

In  some  of  the  lighthouses,  tnrroundtng  onr  eonat«,  which 
axhibit  flashing  or  iatennittent  lights,  the  cutting  off  the  light  is 
accomplished  by  two  opaque  semi-cyl  indent  which  ela«p  tlie  central 

ne  at  stftted  intervals,  and  thus  produce  the  obseurily.     Imagine 

a  moment  that  some  similar  obscuring  apjiaratus  could  be 
clasped  aroand  our  sun  so  that  all  his  beams  were  iiitereeiited. 
Tbat  oar  earth  would  he  plunged  into  the  darkness  of  midnight  m 
o£  coarae  an  obvious  eonse()aenc«.  A  moment's  reflection  will  show 
that  the  moon,  shining  as  it  does  only  with  the  reflected  rays  of 
the  stin,  would  liecome  totally  invisible.  Hut  would  this  extinctioD 
of  til*  stinlight  have  any  other  effect?  Would  it,  for  instance, 
have  any  effect  on  the  countless  brilliant  [wints  that  stud  the 
heavens  at  midnight?  On  a  winter's  night,  as  the  sun  is  far 
below  the  horizon,  no  beams  could  in  any  case  illuminate  the  sky, 
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Mi  conspqnentlf ,  whetlier  the  snn  be  reully  obacurtd  or  not,  eov\A 
make  no  diBerence  in  the  darknees  of  a  mooalns  vrioter  night. 
But  yet  the  sudden  ohsctirity  oE  the  sun  would  prixhioe  a  remark- 
mhle  effect,  which  a  little  attention  would  ^wlote.  Th<-  >tar«,  no 
doubt,  would  not  exhibit  the  elif^hti-et  clutngo  in  bnllianoy.  Each 
sUr  tihines  by  iU  owit  li^lit  and  i«  not  indebted  to  the  sun.  The 
eonriellatioDE  would  thus  twinkk-  on  w  l>ef»re,  but  a  wonderfol 
change  would  come  over  the  pkncl«.  Were  the  >un  to  be  objured, 
instantly  the  ]>huiet«  would  diKap]>ear  from  view.  The  midnight 
sky  woid<l  thu«  witjiewt  the  Audden  extinction  of  the  planets,  while 
all  the  stars  would  remain  unaltered.  It  seems  hard  at  lirst  to 
uudentaiKl  how  (he  brillianoy  of  Venun,  or  the  lustre  of  Jupiter 
can  be  n-ally  only  due  to  the  beama  which  fall  upon  these  bodies 
from  the  distant  sun.  The  evidence  is,  however,  conclusive  on 
the  <|uestion;  and  it  will  be  placed  before  the  reader  more  fully 
when  we  come  to  diMuss  the  several  planets  in  detail. 

Another  objection  may  be  here  anticipated.  Suppose  that  we 
are  looking  at  Jupiter  high  in  mid-heavens  on  a  winter's  night,  it 
might  be  reasonably  contended  that  the  earth  lies  between  Jupiter 
and  the  sun,  and  tliat  sunlx^ms  therefore  could  not  fall  on  Jupiter. 
Tliis  is,  perhaps,  not  an  unnatural  vivw  for  an  inhabitant  of  this 
earth  to  adopt  until  he  baa  becomi-  actpiaintt^l  with  the  sizes  of  the 
various  bodies  concerned,  and  with  the  dintances  by  which  those 
bodies  are  separated.  But  the  qm-J'tion  would  appear  in  a  widely 
different  form  ti  an  inhabitant  of  the  planet  Jupiter.  If  such  a 
being  were  asked  whether  he  suffered  much  mconvenlence  by  the 
intrusion  of  the  earth  Itctween  himself  and  the  sun,  his  answer 
would  be  something  of  this  kind : — "  No  doubt  such  an  event  as  the 
punge  of  the  earth  between  me  and  the  snn  ie  possible,  and  has 
occarred  on  rare  occasions  separated  by  long  intervals ;  but  so  hr 
from  it  hcine  Ihi?  cause  of  any  inconvenience,  the  whole  (wrlh,  of 
which  you  think  so  much,  is  really  so  minute,  as  compaml  with  the 
•an,  that  when  the  earth  did  come  in  front  of  the  sun  it  wus  merely 
eeen  as  a  minute  telescopic  point,  and  the  amount  of  sunlight  whidi 
it  intercepted  wits  ijuite  inappreciable." 

The  fact  that  the  plaoeta  shine  by  tlu.-  sun's  light,  point*  at  once 


88  THE  8T0B.Y  OF  THE  HEAVENS. 

to  tlie^iinilarity  between  them  aad  our  earth.  We  are  thus  led  to 
regard{our  sun  as  a  central  glowing  globe  associated  with  a  number 
of  other  mach  smaller  globes,  each  of  which,  being  a  dark  body,  is 
indebted  to  the  sun  for  its  light  and  its  heat. 

That  was,  indeed,  a  grand  step  in  astronomy  which  demonstrated 
the  nature  of  the  solar  system.     The  discovery  that  our  earth,  of 
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— Tho  Orbits  of  the  four  interior  Planela. 

whose  stupendous  bulk  we  are  so  conscious,  really  formed  a  globe 
poised  freely  in  space,  was  in  itself  a  mighty  e.'certton  o£  human 
intellect;  but  when  it  came  to  be  recognised  that  this  globe  was 
but  one  of  a  whole  group  of  globes,  some  smaller,  no  doubt, 
but  others  very  much  larger,  and  that  this  mighty  series  was 
subordinated  to  the  supreme  control  of  the  sun,  we  have  a  chain  of 
discoveries  of  an  importance  and  a  magnificence  which  knows  no 
parallel  in  nature. 

We  thus  see  that  the  sun  presides  over  a  numerous  family. 
The  members  of  that  family  are  dependent  upon  the  sun,  and  have 
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n  size  suitably  proportionod  to  their  eubordiiiate  (W.tiliou.  Even 
Ju]iiU-r,  till!  litrg(!)it  inombiT  of  tliut  family,  dues  nut  contain  one- 
th<tu»an<Ilh  guirt  of  tlie  material  irhidi  forms  the  vast  bulk  of  tlie 
rao.     Vot  Jiipitor  alone  exceeds  all  the  rest  of  the  planets  together. 

In  tbe  centre  of  the  diagmm  in  Fig.  Hi  uc  have  reprewuted  the 
sun — not,  indctl,  in  hiJt  true  projwrtious  ue  to  hulk,  for  it  would 
be  imjxMsible  to  maintain  the  true  proporlionx  in  a  Jiguiv  of 
reesonahlo  dimensions.  Around  thiw  nun  we  liavc  four  nL-arly 
eircular  pntlis,  indicated  by  dotted  linw  to  denote  the  orbit*  in 
whieh  the  different  bodies  move-  The  innermost  of  these  four  i)athii 
is  the  orbit  of  the  jilanet  Mercury.  The  planet  moves  around  the 
sun  in  thisi  path,  and  regains  the  place  from  which  it  started  in 
eighty -eight  days. 

The  next  orbit,  proceeding  outwards  from  the  sun,  is  that  of  the 
planet  Venus,  which  we  have  already  referred  to  as  the  well-known 
Evening  Star.  Veim*  movi-s  round  it(t  jmth  in  a  period  of  226 
days.  One  step  further  from  the  sun  and  wl>  come  to  the  orbit 
of  another  jilunet.  This  planet  is  almost  the  same  size  as  ^'enus^ 
it  ia  much  larger  thiiti  Mercury.  The  planet  now  under  considera- 
tion aeeonipIiHhi!»  its  circle  in  a  period  of  '■iViH  days.  Tliis  period 
ftoands  familiar  to  our  curs.  It  is  the  length  of  the  year ;  and  the 
planet  it  Che  earth  on  which  we  stand.  There  is  an  impressive  way 
in  which  to  realise  the  enormona  course  which  the  cartli  purwueti  iu 
each  annual  journey.  Everyone  knows  that  the  circa mfcreiiee  of  a 
circle  is  aijotit  three  and  one-seventh  times  the  diameter  of  the 
circle;  so  that,  taking  the  distance  from  thv  I'sirtli  t.>  the  son  to 
be  0i,7O0,OOO  miles,  the  diameter  of  the  circle  which  the  earth 
describes  around  the  sun  will  be  ISi.'lliO.OOO  miles  and  conse- 
quently the  circumference  of  the  mighty  circrle  in  which  the  earth 
moves  round  the  sun  is  about  6S3,000,0rt0  miles.  Over  this 
distance  the  earth  lias  to  travel  iu  a  year.  It  ivill  be  mcrclj'  a  sum 
in  division  to  find  from  t1ii>  how  fur  t\ia  •urth  muet  travel  each 
Bocond  in  order  to  tuxir  within  u  y>^«"'. 

It  will  ainvu  that  r  it  eighteen 

miles  iM.  it    I  its  jounw-y 

in  the  oi  i  < 
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Pause  for  a  moment  to  tbink  what  a  velocity  of  eig^iteen  miles 
a  second  really  implies.  Can  we  realisp  a  speed  so  tremendous? 
L«t  us  compare  it  with  oar  ordinarj-  types  of  rapid  movement. 
Lnok  at  that  espress  train  how  it  crashen  under  the  bridge,  how, 
in  another  moment,  it  ts  lost  to  view !  Can  any  velocity  be  greater 
than  that?  Let  as  try  it  by  figures.  The  train  moves  a  mile  a 
minute ;  multiply  that  velocity  by  «ight«en  and  it  becomes 
eighteen  miles  a  jwiuh/c,  but  we  must  further  multiply  it  by  sixty 
to  make  it  eighteen  miles  a  tfcond.  The  velocity  of  the  espress 
train  \s  not  even  the  thousandth  part  of  the  velocity  of  the  earth. 
Let  us  take  another  illustration.  We  stand  at  the  rifle  ranges  to  see 
a  rifle  fired  at  a  target  l.dOO  feet  away,  and  wo  find  that  u  second 
or  two  is  sufficient  to  carry  the  bullet  over  that  distance.     Can  any 
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moving  body  exceed  in  spcwt  the  rifle-bullet?  Tlie  earth  mow 
nearly  one  hundred  timcM  ax  fs«t.  Yet,  viewed  in  another  way,  the 
stujKtndout)  spew!  of  the  cjirth  do<»  not  f«cm  ito  inooncoivaWc,  The 
earth  is  a  mighty  globe,  mo  great  indeed  tliat  even  moving  at  this 
speed  it  take;*  almost  oight  minutes  to  pH^M  over  ilx  own  dinmeter. 
Thi;  speed  in  thus  not  so  enoimouiily  giint  when  the  great  hulk  «I 
the  earth  is  conitidcred.  To  illuRtratt^  thin  w«  nhow  hen'  a  view  of 
the  progress  mado  by  iW  e-nrtb,  Tlie  diittiuico  between  the  ccnlrea 
of  these  circle*  is  about  six  times  the  diHin<-t«r ;  and,  acenrtlingly,  if 
th«ee  two  circles  repTOsent  tJi«  earth,  the-  time  taken  to  pocs  from 
one  position  to  the  otliur  is  about  forty-eight  mi»ut««. 

Still  one  more  rt«p  from  the  earih,  ajid  we  com*  to  the  orbit 
of  the  fourth  planet  Mars,  which  rei)tnreM  nS7  (hiyw,  or  tM'iu-ly  two 
yMrs,  to  complete  it»  cinnitt  of  the  bwtvens.  With  our  arrival  at 
Man  we  have  gained  the  limit  to  the  inner  portion  of  the  solor 
system. 

The  four  planets  we  have  mentioned  form  a  group  in  them- 
selves, distinguished  by  their  comparative  nearness  to  tbe  sun,  and 
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also  because  they  are  bodies  oE  moderate  dimenBions.  In  our 
system  Venue  and  the  Earth  are  globes  of  about  the  same  size. 
Mercury  and  Mars  are  smaller  globes  intermediate  between  the 
bulk  of  the  earth  and  that  of  the  moon.  The  four  planets  which 
come  nearest  to  the  sun  are,  however,  vastly  surpassed  in  bulk  and 
weight  hy  the  giant  bodies  of  our  system — the  stately  group  of 
Jupiter  and  Saturn,  Uranus  and  Neptune. 
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Fig.  31. — The  Orbit»  of  the  tour  giant  FlancLs. 

These  giant  planets  enjoy  the  sun's  guidance  equally  with  their 
weaker  brethren.  On  the  above  diagram  parts  of  the  orbits  of  the 
great  outer  planets  are  represente<l.  The  sun,  as  before,  presides 
at  the  centre,  but  the  inner  planets  would  now  be  so  close  to  the  sun 
that  it  is  only  possible  to  represent  the  orbit  of  Mars.  After  the 
orbit  o£  Mars  comes  a  considerable  interval,  not,  however,  devoid 
of  planetary  activity,  and  then  follow  the  orbits  of  Jupiter  and  of 
Saturn ;  further  still,  we  have  Uranus,  a  great  globe  on  the  verge 
of  unassisted  vision;  and,  lastly,   the  whole   system   is  bounded 
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[loudiug  lo  the  earth  to  represent  the  amount  of  heat  and  light 
whivh  tlu.'  Ottrth  dcrivoi  frotD  the  euh,  then  the  otliLT  <.-ircUi  denote 
llie  heat  iinil  the  li|*ht  cujoyinl  by  thti  corrt-iiponding  )>laDPt*i.  The 
uext  outer  planet  to  the  v»rth  i*  Mara,  whose  ohure  of  §oIar  blct;»- 
iag»  is  uot  no  very  ioferior  to  that  of  the  earth ;  but  nlwu  we  look 
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at  Jupiter,  «t  Vruniii',  or  at  Xoi»tuii<,',  wc  fail  tfi  dec  how  boiliot 
so  remote  fnim  the  »iiii  run  onjoy  climnt4?s  at  all  onmiiantblc  with 
t)iA«e  of  th<>  ]Jani.*t«  which  nre  more  Fnvoiimbly  fitunted. 
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tFi^.  S3  Bhowfl  a  picture  of  th«  whole  &mily  of  planet*  sur- 
ondin^  th«  ann — ropreeeotol  on  the  same  itcale,  for  exhibiting 
Mr  oonparatire  sizet).     Jnpiter,  it  will  be  seen,  is  not  onljr  the 
'         ^i*nt<^'st    planet,    but    lie   is    miicb    srvaXer   than    all    the    other 
plaiid*  put  together.     Mt-a<iur<'<l  by  bulk,    Jnpiter  is  mem  than 
1,200  times  u  great  a*  th4>  i-jirtb,  m  that  it  would  lako  at  least 
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1,200  earths  rolled  into  one  to  form  a  tflobe  cquul  to  tin:  glolic  of 
Jupiter.  Measured  by  weiglit,  the  disparity  between  the  earth  und 
Jupiter,  though  etill  enorninuE,  is  not  quite  bo  groat ;  but  thi«  '}»  a 
matter  to  be  discussed  more  fully  in  n  litter  obitpter. 

Even  in  this  pROiminai^'  survey  of  the  solur  s^'ytcm  wn  inunt 
jiot  omit  to  refer  to  the  vast  host  of  pinnets  which  nttruct  our 
attention,  not  by  tbvir  bulk  but  by  their  multitude.  In  thi:  »m]>lc 
xone,  boundeil  on  the  inside  by  the  orbit  of  Mani,  and  on  the 
outside  by  the  orbit  of  Jupiter,  it  was  thou;fht  ut  one  time  that  no 
planet  revolved.  Modem  resenrch  has  shown  that  this  vast  area 
of  8|>aec  is  teiuinted,  not  by  one  ]jliinet,  hut  by  hiindredir  of  planets. 
The  discovery  of  tht-uc  pliinets  is  u  charfp.'  tiiitlorUtken  by  many 
diligent  modern  aKtrunomors,  while  the  discussion  of  their  toove- 
meots  aSords  labour  to  many  others.  Wu  shall  fiud  much  to  team 
in  the  study  of  these  tiny  bodies,  to  which  a  chapter  will  be  devoted 
further  on  in  the  course  of  this  work. 

But  we  do  not  ]>roposc  to  enttT  deeply  into  the  meiv  statistics 
of  the  planetJiry  system  at  present.  Were  such  our  intention,  the 
tables  at  tlie  end  of  this  volume  will  show  tlint  ample  materials 
are  available.  Astronomers  have  taken  a  more  or  less  complete 
invenloiy  of  every  one  of  the  plauets.  They  have  measured  their 
distances,  the  ahapes  of  their  orbits  and  the  positions  of  those 
orbits,  their  times  of  revolution,  and,  in  the  case  of  all  the  larger 
planets,  their  sizes  and  their  weights.  Such  results  are  of  interest 
for  many  ]>urpoees  in  astronomy;  but  it  is  the  more  ^neral 
features  of  tlie  science  which  at  present  claim  our  attention. 

Let  us,  in  conclusion,  note  one  or  two  im)iortant  truths  with 
reference  to  this  beautiful  planetary  svstem.  We  have  seen  that 
tlie  planets  all  revolve  in  nearly  circular  paths  around  the  sun. 
We  have  now  to  supplement  this  by  another  statement  of  very 
great  importance.  Each  of  the  plnuet«  pursues  its  path  in  the 
same  direction.  It  may  thus  happen  that  one  planet  may  overtake 
another,  bat  it  oan  never  happen  that  two  planets  pass  by  eaoh 
other  OS  do  the  tmins  on  adjacent  lines  of  railway.  We  shall 
subsequently  find  that  the  whole  welfare  of  our  system,  nay,  it« 
oontiauouB  exifttouce,  is  dependent  ujion  this  remarkable  uniformity. 
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Such  is  our  solar  eystem ;  a  mighty  orgaoised  group  o£  planets 
circulating  round  a  common  sun,  poised  in  space,  and  completely 
isolated  from  all  external  interference.  Ko  star,  no  coDBtellation, 
has  any  appreciable  influence  on  our  solar  system.  We  constitute 
a  little  island  group,  separated  from  the  nearest  starfi  by  the  most 
appalling  distances.  It  may  be  that  as  the  other  starB  are  suns,  so 
they  too  may  have  systems  of  planets  circulating  around  them  ;  but 
of  this  we  know  nothing.  Of  the  stars  we  can  only  say  that  tbey 
are  points  of  light,  and  if  they  had  hosts  of  planets  those  planets 
mast  for  ever  remain  invisible  to  us,  even  if  they  were  many  times 
as  large  as  Jupiter. 

At  this  limitation  to  our  possible  knowledge  we  need  not  repioe, 
for  just  as  we  find  in  the  solar  system  all  that  is  necessary  for  our 
daily  bodily  wants,  so  shall  we  find  ample  occupation  for  whatever 
faculties  we  may  possess,  in  endeavouring  to  understand  those 
mysteries  of  the  heavens  which  lie  within  our  reach. 


CHAPTKR  V. 
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QnttUtlon— 'Die  PdlinK  of  n  Stone  to  the  Giound— All  BodiM  foil  Eqimlly— 
SlxtMD  Fn-1  in  n  Second  !■  thit  Tnit^  Ht  Grot  U(<i)chU  ^— t'nU  of  n  Bod}-  at 
n  bMght  of  n  QuHrln  of  n  tlillioti  Uilm— IIov  Kinrion  ohuinwl  iin  Aatvnr 
from  thp  ylvm — His  ^rml  niwoTury— SUitcment  of  Uf  Ijiw  of  Qrnvitnllcin — 
I  MuitMlioiui  lit  tbrt  IjBw—ilos'  is  it  OuA  all  the  Uodic9  in  the  I'niTorw'  do  oot 
ruth  toKotlu'T  ?*  -  Tbp  Effin't  of  JIutioiD — How  h  Ciiriilur  Palh  can  lio  produced 
by  Attraction — tin-iiiTii!  Ai""iinl  of  Ihi"  Main's  llotion^ — Ib  Gnivilntion  a  Forco 
of  irrettt  Intpnslty  ?— Two  Wiutfhtii  of  'lO  Hit,— Two  Iron  tllobu,  63  ^nrda  io 
iI<«ni4rT,  uid  n  milo  &pnr(,  alUuot  witli  n  tnnw  of  I  lli.^ChKracti^riMiOi  of 
On ritatioD— Orbit*  of  tlia  I'tmicl*  not  itrictlr  CirclcB — Thfi  DUcotoiIm  ol''\ 
Kciilcr— CoDVtTUi-llon  of  itn  EIUihiii— KitpIeTV  Tint  Iaw— Docs  a  Placet  mova 
nnlfonnlj'! — Ijiw  of  Iho  Cbaogo  of  Velocity — Ki'|iU-r'«  f^^cond  Lsw — The 
Krlttiim  bctwwm  the  Diitoncit  nnd  the  Periodic  Tinir* — Kc[Jor'«  ■Hiird  l«w — 
Ki'filnr'i  Lnwii  and  tbi!  Ij»w  of  Gravitution— Movirmenl  in  a  ittiiight  Iin"— A 
{tody  Qiui'.'tMl  on  )>y  ili<itiir1iinK  Forri;*  would  taavv  in  n  itraight  line  with 
conalant  Vriocity— AppUcntion  to  tho  KHrt)i  uTid  ilin  Pl»n<»l«— The.  biw  d 
(.Inivllntlon  deduced  from  KcpIiT'i  Lnw»— Ilniii-mtl  rintvltulion. 

OuB  iiarrativf  of  the  heavenly  hodira  must  un<let^o  a  sli^Lt  and 
teiuporan'iuU-miptioii,  while  wv  now  fnuDciaW  and  describe  with 
appropriate  detail  the  extremely  important  ptinciple  knovm  aa 
the  law  of  gravitation,  which  nnderliee  tho  whole  of  astronomy. 
To  the  law  of  ^mvitatioii  niuti  Ix;  ascribed  the  moremeots  of  the 
moon  aroun<l  the  earth,  and  of  the  pliinels  around  tho  sua.  Those 
movenieiita  can  be  complctrly  aceount^^Hl  for  when  once  the  law  of 
gravitation  has  been  admittMl.  It  in  accordingly  incumbent  upoQ 
us  to  explain  that  law,  Ix-fort'  we  ]irocw<l  lo  the  more  detailed 
account  of  the  eepanitv  pIitnetK.  We  Nhitll  liiid,  loo,  that  the  lair 
of  gravitation  opens  up  va»t  ehapt«r»  in  the  history  of  thv  Mars 
aitiiated  at  the  most  etupeiidoiiK  difitnneex  in  spiK^e,  while  it  also 
nlTonls  the  key  by  which  we  are  cnnhlcd  to  cast  a  retrospectire , 
glance  into  the  vistatt  of  tim«  pcutt,  ami  trace  with  plausibility,  if 
not  with   certainty,  curly  phases   in   the  history  of  our  sj-stem. 
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The  sun  and  the  moon,  tJio  ptnnete  and  the  comet«,  the  stars  and 
the  nehuW,  all  alike  arc  subject  to  tliis  universal  law,  which  is  now 
to  engago  our  attention. 

What  is  more  euinmon  than  the  fact  that  when  a  ston«  is 
dropped  it  will  fall  to  the  ground?  ho  common  is  it  tlint  no  one 
at  first  thinks  it  worthy  of  rvmark.  People  ore  often  sur]>rised  at 
seeing  a  piece  of  iron  drawn  to  a  niugnet.  Vet  the  fall  of  a  stona 
to  the  (iround  is  the  tnaiiifeAtiition  of  a  foree  quite  a«  interesting  as 
the  force  of  miigneliftm.  It  is  the  earth  which  drawn  the  Mone,  juNt 
as  the  magnH  draws  the  iron.  In  each  com  the  force  is  one  of 
attmetiun ;  hut  while  the  ma^ictic  attraction  is  conHned  to  a  few 
sultstances,  and  ia  of  comparatively  liinit«d  ini]H>rtance,  the  attrac- 
tion of  gravitatioD  extends  far  and  wide  throughout  the  whole 
unireme. 

Let  ua  commence  with  a  few  very  simple  experiment  upon  the 
for<<e  of  gravitation.  Take  in  the  liau<l  a  small  piece  of  lead,  and 
allow  it  to  fall  upon  a  cushion.  The  lead  retinires  a  certain  time  to 
move  from  the  fingers  to  the  cushion,  but  that  time  is  always 
the  same  when  the  height  is  the  same.  Take  now  another  and 
larger  piece  of  lead,  iind  hold  one  in  each  hand  at  the  same  height. 
If  both  are  released  at  the  same  moment,  they  will  both  reach  the 
cushion  at  the  same  moment.  It  might  have  been  thought  that  the 
heavy  body  would  fall  more  quickly  than  the  light  body ;  but  when 
the  experiment  iti  triod  it  is  scon  that  this  is  not  the  case.  Repeat 
the  experiment  with  various  other  subtUinees.  Try  an  ordinary 
marble.  It  alto  will  fall  in  the  same  time  as  the  piece  of  lead. 
With  a  piece  of  cork  we  again  try  the  experiment,  and  again 
obtain  the  same  result.  At  first  it  sceioit  to  fail  wli«ii  we  compare 
a  feather  with  Uie  piece  of  Irad;  hut  that  is  solely  on  account 
of  the  air,  which  resists  the  feather  mure  than  it  resists  the 
lead.  If,  however,  the  feather  Xm  placed  upon  the  toj)  of  a  penny, 
and  the  penny  be  horizontal  when  tlri'pjml,  it  will  clear  the  air  out 
of  the  way  of  the  featlier  in  its  descent,  and  then  the  feather  will 
fall  as  quickly  as  tlie  penny,  as  quickly  as  the  marble,  or  as  quickly 
as  the  piece  of  lead. 

If  the  obeerTcr  were  in  a  gallery  when  trying  these  experi- 
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mrflts,  and  if  tho  cushion  vrsro  sixtrpn  feci  below  his  IiaiiiIi!,  llioii 
the  time  th<^  m.-irbt^  wouM  take  ta  fall  thri>U]Kb  tbe  sistM'u  ftH-t 
M-oii1d  be  om>  wcond.  The  time  occupied  by  the  cork  or  I>y  \iw 
lend  would  be  tbe  same,  and  even  tlio  feather  tt«clf  would  fall 
tliruii};h  gistecn  feet  in  one  second,  if  it  could  be  Bcrcoiie*]  from  tb<! 
inlcrTLimce  of  tbo  tur.  Try  thin  experiment  where  vrc  lik«>  in 
London,  or  in  sny  other  city,  in  any  island  or  continent,  on  board  a 
ship  lit  *ca,  at  the  North  Pole,  or  the  South  Pole,  or  tlio  equator, 
it  will  nlwnvK  l)c  found  that  any  body  of  any  size,  or  any  material, 
will  fall  about  sixteen  feet  in  one  second  of  time. 

Lcat  any  erroneous  impresHion  should  arise,  wc  may  just  men- 
tion that  the  dixlaiice  traverRnl  in  i>iie  NCcond  do(»>  vary  itligbtly  at 
different  parts  of  the  earlh,  but  from  ciiuuch  whieh  need  not  at  this 
moment  detain  ufl.  We  tihall  For  the  prvitent  regard  sixteen  feet  as 
the  distance  through  whic'h  any  body,  free  from  interferenee,  wowld 
fall  in  one  second  at  any  jiarl  of  the  earth'n  mirfuee.  But  now  let 
us  extend  our  view  above  the  earUi'x  tturfavr,  and  inc[uire  how  far 
this  lanr  of  sixteen  feet  in  a  seeond  may  find  obedience  elsewhere. 
Let  us,  tor  inslanie,  ascend  to  Hk-  top  of  a  mountain  and  try  the 
experiment  there.  It  would  hi'  found  that  at  the  t<tp  of  the 
mountain  a  marble  would  take  a  little  longer  to  fall  through  six- 
teen fert  than  the  same  marble  would  if  let  fall  at  its  base.  The 
diffurcnee  Moidd  ho  very  small ;  but  yet  it  would  be  measurable, 
and  Eiiflieient  to  show  that  the  power  of  the  earth  to  pnll  the  marble 
down  to  the  p^utmd  was  somewhat  weakened  when  we  ascend  high 
iiluve  tlie  earth's  surface.  Yet  no  matter  bow  hif^h  we  aaoend, 
cither  to  Ihe  tcp  of  a  hi(jh  mountain,  or  to  the  slill  preat^T  heights 
that  have  be«-n  reached  in  balloon  urcenti),  we  shall  (iml  thai 
the  tendency  of  bodies  to  fuM  to  the  ground  remains,  though 
no  doubt  the  higher  we  go  the  mon'  is  that  t-t-ndcmy  weukened, 
It  would  he  of  the  grcatei^t  iuti-ri'^t  to  find  how  far  thiH  {H>wer 
•>f  the  earth  to  draw  bmlicK  towardw  it  extcndK.  Vir  cannot  get 
more  than  alxtut  five  or  six  milen  above  the  earth'i'  surface  in  a 
balloon ;  yet  we  want  to  know  what  »v<>uld  l)ii|>|)en  if  we  could  go 
SOO  miles,  or  5,000  miles,  or  still  furlher,  into  Ihe  dcplliH  of  sjaiec. 

Conceive  that  a  traveller  were  endowed  with  aonic  means  of  soar- 
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ing  aloft  for  miles  nnil  thoiiitamlii  nt  roilea,  still  up  and  up,  until  at 
Icnfftli  he  haii  aftatiii^  tlip  uwful  height  <iE  nearly  a  quiuior  of  a 
□lillion  of  mites  above  the  earth.  Glancing  down  at  the  surfaou  of 
th«t  earth,  which  is  at  such  a  stupendous  dejtth  bcnvnth,  hu  would 
be  able  to  8«c  the  whole  world,  as  it  were,  iu  a  hinl'it-cyi^  view. 
He  would  lose,  no  doubt,  the  details  of  towns  and  villsf^cs;  the 
fi'otiinw  in  such  a  landscape  n-onld  be  whole  continents  and  whole 
ocvunii,  in  no  fnr.ae  the  opcnin*^  of  the  cluud«  far  beiicjttli  would 
permit  the  («rUi's  surface  to  be  exposL'd. 

At  this  stupendous  height  he  could  tryoneof  the  most  intcrMting 
experiments  that  was  ever  in  the  power  of  a  philowipher.  He  could 
teat  whether  the  earth's  attraction  attained  to  such  a  bright,  and  he 
could  meiiKure  the  umount  of  that  attraction.  Take  for  tin-  experi- 
meat  a  cork,  a  marble,  or  any  other  objoet,  large  or  mull ;  hold  it 
between  the  linger*,  and  let  it  git.  Kvory  one  knows  what  would 
happen  in  such  a  caw  down  here;  but  it  required  Sir  Iiiaac  Newton 
to  tell  us  what  would  hap]ien  in  itneh  a  ease  uji  there.  Newton  says 
tliat  the  power  of  the  earth  to  draw  bodies  towards  it  extends  even 
up  to  this  ^reat  heig'ht,  and  that  the  marble  will  fail.  Tlus  is  the 
doctrine  that  we  can  now  twit.  We  are  ready  for  the  experiment. 
The  marble  is  released,  and,  Ic,  out  first  exclamation  is  one  of 
wonder.  The  moment  the  marble  was  released,  insteud  of  dropping 
inatnntly,  it  appears  to  be  suspended.  V>e  am  on  the  point  of 
exelaiminj;  that  we  are  beyond  the  earth's  attraction,  and  that 
Xewlon  i.i  wrong,  when  our  attention  is  arrested ;  tlte  marbto  is  I>d- 
ginnin^f  t«  move,  so  slowly  that  at  first  we  have  to  watch  it  carefully. 
'I'hen  it  move*  more  mpidly,  so  that  iitt  motion  ik  t)ej'ond  all  douht 
until,  (gradually  ac<tuinng  more  and  more  vehx^ity,  the  marble  8j>eeda 
on  its  long  journey  of  a  qitarti^r  of  a  million  of  miles  to  the  earth. 

Bat  sun-ly,  it  will  be  unit],  Mich  an  experiment  must  be  entirely 
impoasible;  and  tin  doubt  it  cannot  he  |>erformed  in  the  way 
described.  The  Uild  idea  onrurrvd  to  Newlnn  of  makint;  use  of  the 
moon  itaelf,  which  i*  almo«t  «  quarter  of  a  million  of  tniW  above 
the  earth,  for  the  purpoae  of  anHWcring  the  (question.  Never  was 
tile  moon  put  to  such  noble  MX-  Iwfure,  The  moon  is  actually 
at  vach  moment  falling  in  towards  tJkc  earth.     We  cau  ealculatv 
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how  much  tbc!  moon  ie  deflected  in  each  kocoiiJ  towards  the  earth, 
and  thiiH  obtain  the  measure  of  tha  earth's  nttniclive  power.  From 
th«  moon  Newton  km  able  to  U-arn  that  a  body  released  at  th« 
distance  of  240,000  miles  ohove  the  Htirface  of  llie  eurtU  wouid  still 
be  attracted  by  the  earth,  that  in  virtue  of  the  attra<:tioD  the  hody 
would  romineiice  to  move  off  towurdu  the  earth — not,  indeed,  with 
the  vdoeit}'  with  which  a  body  FallM  in  experiments  on  the  surlae*- 
— hut  with  a  v<Ty  much  leioMT  apeed.  At  the  distance  of  the 
moon  a  body,  »ii  far  from  falling  a  distance  of  sixteen  feet  in  a 
sfound  of  time,  would  commence  it«  long  journey  so  slowly  that  a 
miitute,  instead  of  a  fteoud,  would  have  elapsed  before  the  distance 
of  sixteen  fi'ct  had  been  accomplished.* 

It  was  by  pondering  on  information  thus  won  from  the  moon 
that  Xewton  made  his  immortal  disoovery.  The  gravitation  of 
the  earth  is  a  force  which  extends  far  and  wide  rlirongh  K]mce. 
The  more  distant  the  body,  the  weaker  ik  the  gravitation;  here 
Newton  found  the  meant  of  determining  the  great  problem  as  to  the 
law  according  to  which  the  inteuiuty  of  the  gravitation  di-creaeed. 
The  infonnation  derivid  from  the  moon,  that  a  hoily  2-10,000  miles 
away  reiiuires  a  minulc  to  fall  through  a  space  equal  to  that 
through  which  it  would  fall  in  a  socood  down  here,  wan  of  uns|«ak- 
able  importance.  In  tlie  firvt  plac^,  it  shows  that  the  attractive 
power  of  the  >-nrlb,  by  which  it  tlntws  all  bodies  earlhu-nnl,  becomes 
weaker  at  a  dislanee.  This  might,  indeed,  have  hc<-n  anticipated. 
It  U  as  reasonable  tu  suppose  that  as  we  r4.'treated  further  and  further 
into  the  depths  of  space  the  power  of  attraction  should  diminish,  as 
tliflt  the  hi^tre  of  Hi^ht  should  diminish  a^  we  recede  from  it ;  and  it 
iit  remarkable  that  the  law  according  to  which  the  attraction  of  pia- 
ritatjoo  decreases  with  the  inerense  of  distance,  is  precisely  the  same 
as  the  law  according  to  whirb  the  brilliancy  of  a  H^ht  decreases  as 
its  distance  incrvaxr*.  Tlie  law  of  nature,  stated  in  its  simplest 
form ,  asserts  that  the  intensity  of  gravitation  varies  inversely  as  the 

*  He  rpaaa  il«arribvil  liy  &  tiillini;  bojjr  U  prnpoiiional  (o  Ihe  praiiuct  of  tlio 
Ibrea  sad  the  sqiuu*  o(  th»  limn.  Tlii>  funv  vanc«  iiivcrM<ty  hx  Ibe  sqnu*  of  Uio 
4iaaso*  from  Uio  earth,  w  UiAt  Iho  sjacc  viU  iiiTjr  m  thv  t>|UJini  at  Um  limo,  Mid 
Invencl^  •«  (lie  iiqujut'  of  Ui«  dJAiinra.  It,  thaNfan,  the  dutaaoa  Iw  incnoaud 
mij'tul-l.thu  tinu  moat  also  tw  tacraacd  alxt/'toU,  it  tliaspM*  faUtfi  throng  U 
Ifl^  imuin  the  lune. 
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square  of  the  distance.  Let  ns  eodearour  to  elucidate  tbis  Eome- 
what  abstract  statement  by  one  or  tn-o  simple  illustraUoDB.  Suppose 
»  body  were  raised  above  the  surface  of  tbo  earth  to  a  liet(;ht  of 
nearly  4,U(lO  miles,  so  aa  to  be  at  an  altitude  equal  to  the  radius  of 
tlie  earth.  In  other  worrls,  a  IxhIv  fo  situated  would  bo  twice  ue  for 
from  the  centre  of  the  earth  as  a  body  which  was  on  tbc  sur^M?*. 
The  law  of  gravitntion  says  t3iat  th«  intensity  of  the  attriu.'tiun  is 
then  to  be  dccrea«ed  to  one-fourth  part,  so  that  the  pull  of  tliu 
earth  on  a  body,  4,000  miles  uji,  in  only  ont^  quarter  of  the  pull  of 
the  earth  on  that  body  w  long  ni  it  lies  on  tlie  surface.  "We  may 
imagine  the  effect  of  this  pull  to  be  shown  in  different  ways.  Allow 
the  body  to  fall,  and  in  the  interval  of  one  sceond  it  will  only  drop 
through  four  feet,  a  mere  quarter  of  the  distanoe  tlmt  ^avity  ac- 
complishes near  the  earth's  surface.  To  put  the  matter  in  another 
way  ;  suppose  that  tJie  pull  of  the  earth  is  to  be  measured  by  one  of 
those  little  weighing  machines  known  as  a  si>ring  balance.  If  a 
weight  of  four  pounds  be  hung  on  a  spring  balanc«,  at  the  earth's 
eurfaee,  the  index  of  course  shows  a  weight  of  four  pounds ;  but 
conceive  this  bnlanoe  still  bearing  the  weight  appended  thereto  were 
to  lie  carried  np  and  up,  the  indicatfd  strain  would  become  less  and 
less,  until,  by  the  time  the  balance  reached  4,000  miles  hif^b,  where 
it  was  lieiee  as  far  away  from  the  earth's  ccntm  as  at  first,  the  indi- 
cated strain  would  bo  reduced  t^^  the  /uurlh  }iart,  and  ihe  balance 
would  onlj' show  one  pound.  If  we  could  imagine  the  mighty  voyage 
prolonged  still  further  into  the  di-pths  of  *\\vn;  the  reading  on  the 
scale  of  the  Iwlnnce  would  still  continue  to  decrcawi.  By  the  time  the 
apparatus  Itiu!  nwuhed  a  distance  of  }i,00()  miles  high,  In-ing  then  liree 
times  as  far  from  the  earth's  ociitr<^  as  at  first,  the  law  of  giuvitation 
tells  us  that  thi.-  attraction  must  have  decreased  to  onc-ninth  port.  The 
strain  thus  shown  on  the  balance  would  be  only  the  nintli  part  of 
four  pounds,  or  less  tlian  half  a  pound.  But  let  (he  voj'age  l>e  onc« 
agulii  resumed,  and  let  not  a  halt  be  made  this  time  until  the 
bahince  and  its  four-pound  weight  has  retreated  to  tltat  orbit  whielt 
the  moon  traverses  in  its  monthly  course  around  the  earth,  'llie 
distance  thus  attained  is  about  sixty  times  the  radius  of  the  earth, 
and  coiwequently  the  attraction  of  gravitation  is  diminished  in  Uie 
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proportioD  of  one  to  tlic  (cjunit!  of  nixty  ;  Uiv  biiliint^c  will  tWii  ^nly 
be  atratiied  by  tlie  inappreciable  frwtiun  of  l-3,6U(ltli  piirt  of  fi'iir 
IiouimIm;  and  we  also  see  that  a  weight  which  on  the  earLh  weii^htil 
»  ton  an<l  a  half  woiiM,  if  raided  240,l)U0  lniI(^8,  wei^h  h-Ns  than  u 
pound.  Itut  even  at  this  roightydistauceweare  not  tn  halt;  imnginc 
tliat  we  retreat  still  further  and  further,  the  strain  shown  by  the 
bidanc«  will  ever  decmse,  but  it  will  still  exist  no  matter  liow  far 
we  go.  Astronomy  nppem-s  to  teach  us  that  the  attraction  of  cavi- 
tation can  extend,  with  suitably  enfeebled  intensity,  across  the  most 
profound  ^IFs  of  spue. 

Till-  priiictj>U'  of  gravitation  is  of  far  wirier  scope  than  wo  hnv 
yet  iiidiiati^d.  W<'  have  upolci'n  merely  of  tlic  attnictitm  of  iJn- 
eRfth,  and  viv  have  Mated  thiit  itn  attraction  extendi*  thmtighdut 
Kpoce.  i)ut  the  law  of  f^mvitution  la  not  do  limited.  Not  only 
doe*  the  earth  altrai-t  every  other  body,  and  every  other  body 
attraet  the  eartli,  but  eo^h  of  these  bodies  attiaets  each  other;  no 
that  in  its  more  complete  sha|>e  the  law  of  gravitation  aiinouiii-^-s 
that  "every  Ix)dy  in  the  universe  attraeta  every  other  boiiy  with  a 
force  which  varies  iiirersi-ly  aa  the  stinare  of  the  distance." 

It  is  impoaeible  for  us  to  over-estimate  the  importance  of  thin 
taw.  It  supplies  the  clue  by  which  we  can  unravel  the  eoraplieated 
movements  of  the  planets.  It  has  led  to  marvellous  discoveriea, 
'  in  which  the  law  of  cavitation  ha»  enabled  us  to  anticipate  the 
lelesrope,  and,  indetid,  actually  to  feel  the  eiintence  of  bodies  befunr 
thoMr  Ijodies  have  even  Ih'CU  seen. 

An  objection  which  may  be  ruiNed  at  thi*  point  mi»^  tiret  he 
dealt  with.  The  obje<-tion  i«,  indeed,  a  planiihic  one.  It'  the 
earth  attnu't*  the  moon,  why  due*  not  the  tnoou  tumble  down  on 
the  earth  ?  If  tlie  earth  \*  attracted  by  the  son,  why  docK  it  not 
timiblc  into  the  Kun  ?  If  the  Mun  is  attracted  hv  other  slatv,  why 
do  they  not  ruxh  togrthor  with  a  frightful  collision  ?  It  may  mil 
uorauotuibly  he  urged  that  if  all  these  bodies  in  the  hcnvenx  arr 
attracting  e-ach  other,  it  wouhl  seem  that  they  must  all  rush  together 
in  conaeqoeDoe  of  that  attraction,  and  Ihiu  weld  the  whole  material 
nniverse  into  a  single  miphty  mass.  \Vc  know,  m  a  matter  of  fact, 
that  these  collisions  do  not  often  hap[>en,  und  that  there  is  extremely 
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little  likoliliood  of  tkeir  talcing  place.  We  nee  that  although  our 
earth  U  »aid  to  have  been  attnurt«d  by  the  sun  for  ootintlcM  age*, 
y«t  that  the  earth  is  just  as  far  from  the  sun  as  ercr  it  wu.  I« 
not  this  in  touflict  with  thv  doctrine  of  universal  (fravitatii-n?  In 
the  early  ilays  uf  astronomy  such  objn-tions  noiild  I>l-  re^anletl, and 
<li>iibl)riis  were  regardt-^l,  tw  woll  n\gh  insuiHiniblo ;  even  etill  we 
occaeionally  )w*t  them  ruiiMxl,  mid  it  ik  Miuu'fore  the-  mon<  incum- 
U-iit  on  lift  to  explun  how  it  hap[K-iiK  that  thv  solar  system  has 
bueil  ul>le  U(  v«-apv  from  thv  uitAatraphe  l>y  wliiull  it  svemit  to  have 
bceu  thrciifenwJ. 

Tliere  can  he  no  donbt  that  if  the  moon  and  thi;  earth  had  hcL>n 
iiiilially  placed  at  rttl,  they  would  have  been  dniwn  ti>^th<'r  by  the 
ultnulioii.  So,  too,  if  tJie  nystem  of  plu»et«t  Htirrounding  the  sun 
hail  been  left  initially  al  raf  they  would  have  da«hed  into  the 
dim  and  the  system  would  have  been  annihilated.  It  in  the  tact 
that  the  planets  are  morivy,  and  that  the  moon  is  noriny,  which 
has  enabled  these  bodies  NUieessFnlly  to  resist  the  attraction  in  m 
far,  at  least,  as  that  they  are  not  drawn  thereby  to  total  destru<rtion. 

It  is  »i  desirable  that  the  student  shnuld  underHlatid  clearly 
how  a  eentral  attraction  is  compatible  with  revotuiton  in  a  Deurly 
eiixnilar  path,  that  we  ^ve  an  illustration  to  show  how  the  moon 
purtiuea  ita  monthly  orbit  under  the  fruidanec  and  the  control  of  the 
attracting  earth. 

The  imaginary  sketc-h  in  ¥\g.  34  dflnot««  a  section  of  the  oarth 
with  a  h^li  moimtain  thereon.  If  a  cannon  were  atationwl 
on  the  top  of  the  mountain  at  C,  and  if  the  cannon-ball  wen- 
fired  off  in  the  direction  <*  K  with  a  small  ehurf^  of  powder, 
the  ball  would  move  tlown  along  the  first  curved  path.  If 
it  be  £r«d  a  second  time  with  a  xtjll  grGat4.T  cbarj^,  the 
path  will  ber  along  tin;  iieetHiil  <-iirvi'd  line,  and  the  ball  would 
again  fall  into  the  M-a.  Etut  let  lu  try  next  time  with  n  stronger 
charge,  and,  indeed,  with  a  far  Htrongi'r  cannon  than  any  pi«ce 
of  ordnance  ever  yet  made.  The  velocity  «f  the  |>roj<«tite  must 
now  bo  ii«tume<]  to  be  some  miles  per  »econd,  but  we  <»n  con- 
eeive  that  tlte  velocity  shall  be  so  adjusted  tliat  llie  l>ikll  shall 
move  aloug  the  path  C  D,  always  at  the  same  height  above  tJtu  sea, 
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though  still  curving,  as  every  projectile  must  curve,  from  the  hori- 
zontal line  in  which  it  moved  at  the  first  moment.  Arrived  at  D, 
the  ball  will  still  be  at  the  same  heigrht  above  the  surface,  and  its 
velocity  will  be  unabated.  It  will  therefore  directly  start  off 
again  and  move  round  another  arc  of  the  circle  without  gettinf^ 
nearer  to  the  surface.  In  this  manner  the  projectile  will  travel 
completely  round  the  whole  globe,  coming  back  again  to  C  and 
then  taking  another  start  in  the  same  path.     If  we  could  then 


Fig.  M, — tUnB&fttion  of  the  Moon'i  motion, 

abolish  the  mountain  and  the  cannon  at  the  top,  we  should  Lave 
a  body  revolving  for  ever  around  the  earth  in  consequence  of  the 
attraction  of  gravitation. 

Make  now  a  bold  stretch  of  the  im^nation.  Conceive  a 
mighty  cannon  which  could  fire  off  a  round  bullet  no  less  than 
2,000  miles  in  diameter.  Discharge  this  enormous  bullet  with  a 
velocity  of  about  3,000  feet  per  second,  which  is  two  or  three  times 
as  great  as  the  velocity  actually  attainable  in  modern  artillery.  Let 
this  mighty  bullet  be  fired  horizontally  from  some  station  nearly 
a  quarter  of  a  million  miles  above  the  surface  of  the  earth.  That 
stupendous  bullet  would  sweep  right  round  the  earth  in  a  nearly 
circular  orbit,  and  return  to  where  it  Btai-ted  in  about  four  weeks. 
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It  would  tJicn  commcncv  another  revolution,  four  wvi.-k;>  inoiv  would 
find  it  again  at  the  Martitig  point,  uid  Uiia  motion  would  go  od 
for  a^s. 

Do  not  suppose  that  we  nre  entirely  romaDcinf*.  Wc  cannot 
show  the  mighty  rauuon,  but  wi;  can  show  the  mi^hly  kulli't.  We 
RM  it  every  mouth ;  it  is  th«  beiiutiful  moon  hi'roclf.  No  one 
aeecrts  that  the  moon  woe  ever  shot  from  such  a  cannon;  hut  it 
must  bo  iulmittcd  that  she  moves  its  if  sIr-  wltv.  In  a  later 
cbivptor  we  shftll  in([uirv  into  the  history  of  the  moon,  and  show 
how  she  («RK>  to  revolve  in  this  wonderful  manner. 

As  with  tliu  moon  around  the  earth,  so  with  tlic  nrtli  aroimd 
tlie  sun.  The  illustnttion  shows  that  a  cireuhtr  or  nt.'qtrly  eircular 
motion  harmonises  with  the  coneeption  of  the  law  of  univerwd 
gravitation. 

^Ve  are  aceuftomed  to  regard  gmvitation  as  a  foree  of  stn- 
pendnus  magnitude.  Does  not  gravitation  control  tlii»  moon  in  it« 
revolution  around  the  earth  ?  Is  nut  even  the  migiity  eurtb  it«clf 
retained  in  its  path  around  the  sun  by  the  surpuesin!;  power  of  the 
#un's  attraction  ?  \o  doubt  the  actual  foree  which  keips  the  earth 
in  its  path,  as  well  as  that  which  retains  the  m<Kin  in  onr  neighbour- 
hood, is  of  vast  intensity,  but  that  is  because  gravitation  is  in  sueh 
cases  assueialed  with  bodiea  of  most  stupendous  mass.  No  onv.  can 
deny  that  all  hoilies  acceMiblc  to  our  observation  appear  to  attract 
each  other  in  luicordance  with  the  law  of  ^ni.vit4ition  ;  but  it  must 
be  confessed  that,  unless  one  or  both  of  the  attnu'ting  Ixxlieti  possess 
enormously  gn^it  moss,  the  intensity  is  almost  ironiensunibly  small. 
Let  u»  attempt  to  illimtrate  how  fetble  is  the  gravitation  hi^tween 
massfti  of  ea-HiIy  inuiiageable  dimeusi'ma.  Take  for  instance  two 
iron  weights,  each  weighing  about  SOlb.,  and  separated  by  a  dis- 
tance of  one  foot  from  centre  to  centre.  There  is  a  certain  attrac- 
tion of  gravitation  between  these  weights.  The  two  weights  are 
drawn  togetber,  yet  tbey  do  not  move.  Tlie  attraction  IxHwecn 
them,  thou^  it  certainly  exists,  is  an  extremely  minute  force.  Wo 
are  not  here  dealing  with  a  forev  at  all  comparable  in  ito  intensity 
with  magnetic  attraction.  Every  one  knows  that  a  magnet  will 
draw  a  piecv  of  iron  with  coitsiderable  force,  but  the  intensity  of 
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f>:ravitatiun  in  very  much  I«ss*  on  maMrt-n  uf  wnial  iwiumnt.  Tlu* 
uttnu.-ttoii  b«twocn  ihvuv  Iwa  5(lll>.  wvighlK  ir  \vnv  tlmn  the  oiiis 
tcn-millioDtli  purt  oi  u  Kinglv  {xjimd.  Su«h  u  fwrw;  i»  utterly 
in^l^it»'>^ilnal  iti  rumpiirixtn  with  the  fn<ti(in  Mwit'n  Ihi-  weight* 
and  the  table  on  which  thoy  xtanil,  mui  hence  iJn-n;  U  no  resiiciiUK- 
to  the  nttnclidn  by  even  the  Klightent  movement.  Yet,  if  we  <'iiii 
conceive  eaeh  of  thexc  weightii  mixiiiteil  on  wlieclx  iibnolulvly  devoid 
uF  friction,  anJ  running  on  aUoluU-Iy  pcrfirt.  UnriKoiital  raiU,  then 
there  ih  nn  doubt  thnt  Ihe  weight*  woidd  alnwly  ciimmence  to  draw 
together,  and  in  the  counv  of  time  w<»ul(l  arrive  itt  actual  oontaet. 

If  we  desire  t«  conceive  ^rrikvilation  as  a  Eorue  ot  nieaaurable 
intensity,  we  iiiuiit  employ  ma-Hacs  immensely  more  ponderoiia  than 
those  6(Hb.  weig^htj*.  hnajjiiie  a  pair  of  globes,  each  composed  of 
417,000  tons  uf  east  iron,  and  each,  if  »olid,  being  about  !>3  yards 
in  diameter.  Imagine  these  gtobcsi  placed  at  a  distance  of  on<> 
mile  Apart.  Each  glolw  attraelu  the  other  by  the  foree  of  gravita- 
tion. It  docs  not  matter  that  buildings  and  obstacles  of  every 
dvfieription  intervene;  gravitation  will  paw  through  raeh  impedi- 
ments  as  easily  iw  light  paMKee  through  gkim.  No  screen  i^n  be 
devised  dennc  enough  to  intercept  the  punsuge  of  gravitation,  liach 
oE  these  iron  glnbe«  will  thcreForc  under  all  eireumstances  attract 
the  other;  hut,  nutwithslttiiding  tlieir  ample  proportions,  the  inten- 
sity  of  tliat  altntirtion  is  still  very  small,  though  appreciable.  The 
attraction  between  thc^  two  glolies  is  not  more  than  a  force  equal 
to  the  pressnre  exerted  by  ■  single  pound  weight.  A  child  oould  hold 
back  one  of  these  massive  globes  fnmi  it«  attraction  by  the  other. 
Suppose  that  all  wiw  clear,  and  thul  friction  could  be  so  neutral- 
ised as  to  {teruiit  the  glubet  to  follow  tlie  impulse  uf  their  mutual 
attractions.  'flic  two  gloheit  will  then  commence  to  approach, 
hut  the  nuiK>(«  are  «o  large,  while  the  attraction  is  so  small, 
that  the  Hpeed  will  be  m'celcrated  very  slowly.  A  microscope 
would  be  neec«eary  to  show  wln-n  the  motion  ha«  actually  com- 
menced. An  hour  and  a  half  must  elapse  before  the  di«t«iiec  t« 
dimininhwl  by  a  sint-lw  foot;  and  although  the  pace  improves 
KuUninently,  yet  throe  or  four  tlayit  must  elapse  befoa-  the  two 
globes  will  eome  logetlivr. 
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Thu  moat  ri'iiiiirkabb  eharaotertittic  ot  the  forci;  of  gravita- 
tion must  be  here  siiecially  explained.  I1iv  intoneity  appears  tn 
depend  only  on  the  mogiiitudeB  of  the  maast^a,  and  not  at  all  on 
the  nsturo  »f  the  subetaDceo  of  which  thesio  musaes  are  com- 
poeed.  We  liave  described  the  two  globes  as  made  of  cast  iroD, 
but  if  cither  or  both  were  composed  of  lead  or  eopper,  of  wood 
or  stone,  of  air  or  water,  the  attractive  power  would  still  be  the 
Bamc,  provided  only  that  the  masaos  remained  unaltered.  In 
this  we  observe  a  |>rofound  difference  between  the  attraction  of 
f>r&vitation  and  magnetic  attraction.  In  the  latter  case  the 
attraction  is  not  perceptible  at  all  in  the  (frcat  majority  of  sub- 
stances, and  is  only  considerable  in  the  case  of  iron. 

In  oar  account  of  the  solar  system  we  have  represent*'*]  thv 
moon  as  revolving;  around  thv  earth  in  a  nrarlj/  circular  potli,  and 
the  planets  as  revolving-  around  the  sun  in  orbits  which  are  iil«<( 
approximately  circuliir.  It  is  now  our  duty  to  ^vc  a  more  minute 
<IcKeriptiiin  of  theKC  n-markable  jiatlis ;  and,  inetcnd  of  dismissinir 
thorn  us  b(-iii)7  nearly  circlpsj  we  must  ascertiiin  procisely  in  what 
resjiecls  they  differ  from  circles. 

If  a  planet  revolved  nronnd  the  eiin  in  a  truly  circular  path,  of 
n-Iiich  the  «un  was  always  at  the  centre,  it  would  then  be  obviotw 
tluit  the  distance  from  the  xuu  to  the  planet,  being  always  c()uul  to 
the  nuliiiKnf  ihc  circle,  will  be  of  constant  miiijnit udi-.  Now,  thore 
can  be  no  doubt  tliat  the  dii<tiinee  from  the  Min  to  wicb  planet  is 
it|)proxinint4>ly  coiistunt ;  but  when  accurate  olwervatioiis  are  made, 
it  becomes  cleiir  tlint  the  dixtajiee  in  nut  atmoliitt-ly  romitant.  The 
variations  in  distance  may  amount  to  many  millions  <>f  miles,  but, 
even  in  extn-nn-  cases,  the  variation  in  the  distance  of  the  planet  is 
oidy  a  small  fraction — usually  a  very  small  fraction — of  the  totjil 
amount  of  that  distance.  The  circumstances  vary  in  the  case  of 
each  of  the  planets.  The  orbit  of  the  earth  itself  is  such  that  the 
distance  from  the  earth  to  the  sun  departs  but  little  from  its  mean 
value.  Venus  makes  even  a  closer  approach  to  {icrfcctly  circular 
movement;  while,  on  the  other  hand,  the  path  of  Mare,  and  much 
more  the  path  of  Mercury,  show  considerable  relative  Quctuattons 
in  the  distunce  from  the  planet  to  the  sun. 
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It  boa  often  been  noticed  that  many  of  the  great  discoverWR  in 
•cleno*  have  their  origiD  in  the  nice  obeervatioa  and  explanation  of 
minut«  <Ic[iartures  from  Boroe  law  approximately  true.  We  bav« 
to  thin  <lepnrtment  of  astronomy  an  excellL'nt  illustration  of  thi« 
princi[>Ie.  The  orbits  of  the  planets  are  nearly  cirrles,  but  tliey 
are  not  rxnctly  eirclea.  Now,  why  is  this?  There  inuKt  be  some 
natural  reason.  That  reason  has  been  aKcortftined,  and  it  haa  led  to 
several  of  the  grandest  discoveries  that  the  mind  of  tama  has  ever 
achieved  in  the  realms  of  Nature. 

In  the  fimt  place,  let  us  see  what  we  are  to  infer  from  the  faet 
that  tlie  distance  of  a  planet  from  the  eun  i«  not  constant.  The 
motion  in  a  circle  is  one  of  sueh  hvauty  anil  simplicity,  that  we  are 
reluctant  to  abandon  it,  unless  the  necessity  for  doin^  ao  he  made 
clearly  apparent.  Can  wc  not  devise  any  way  by  which  the  circular 
motion  might  l)e  preserved,  and  yet  l>e  comj'ULtibIc  with  the  fluctua- 
tions iu  the  distance  from  the  ]>lanet  to  the  sun  'f  This  ia  clearly 
impossible  with  the  sun  at  the  centre  of  the  circle.  But  suppose  the . 
mn  were  not  at  the  centre  of  the  circle,  while  the  planet,  as  before, 
revolved  around  tlie  sun.  The  diHtance  l)etw(M-n  the  sun  and  the 
planet  wouhl  tlien  fluetiuite.  The  more  eccentric  the  position  of 
the  sun,  the  larger  would  be  tlie  proportionate  fluctuation  in  th« 
distance  of  the  planet  when  at  the  diiferent  parts  of  its  orhttH.  It 
might  further  be  supposed  that  by  placing;  a  aeries  of  eircles  around 
the  sun  the  various  planetary  orbtta  could  he  thus  accounted  for. 
The  centre  of  the  circle  belonging  to  Venus  is  to  coincide  very 
nearly  with  the  centre  of  the  sun,  and  the  centres  of  tbe  orbits  of  all 
the  other  planets  are  to  be  placed  at  such  suitable  distance*  from 
the  Kui),  BK  will  render  a  satisfactory  explanation  of  the  gradual 
iticreawe  and  decreane  of  the  distance  between  the  two  bodies. 

Ther*'  can  be  no  <loubt  that  the  movements  of  the  moon  and  of 
tlic  pUncIs  would  be,  to  a  large  extent,  explained  by  such  a  system 
of  eircuhtr  orbits ;  but  the  spirit  of  astronomical  inquiry  is  not 
satiiilicd  with  approximate  rewults.  Again  and  again  tlic  planets 
are  observed,  and  again  and  again  are  tlie  ohacrvations  compared 
with  the  places  which  the  planets  wouhl  have  if  they  moved  in 
accvrdanoc  with  the  system  here  iudicated.      'llie  centres  of  tbe 
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cirtln  are  moved  hither  and  thithtr,  their  ratlii  &rc  adjusted  with 
greater  care;  but  it  is  all  of  do  avail.  Th<.' ohsLTvations  of  tbu 
planets  arc  minutvly  I'xnminGd  to  »ci>  if  lltcy  oui  bo  in  error ;  but 
errors  llicrv  are  noii«  at  all  Ktillicient  to  account  for  the  dis- 
cies.  The  eoncUisioii  wim  thuH  iiK'vitnhle — u*trononi<irs  were 
Corood  toabimilon  the  circular  motion,  which  n-iut  thoiifrht  to  posMss 
•ueh  »nrivulK-<l  aymmutrv  and  Ix-auty,  and  were  compelled  to  admit 
that  the  m\i\Xi*  of  the  planetii  weru'  Dot  circular. 

Then  it  these  orbits  1«  not  eirvlee,  what  are  they?     Such  was  the 

t  problem  which  Kepler  proposed  to  solve,  aod  which,  to  his 
immortal  glory,  he  succeeded  in  solving  and  in  proving  to  demon- 
Btmtion.  The  great  discovery  of  the  tntc  shape  of  the  planetary 
orbits  stands  out  as  one  of  the  most  eonsiiicuous  events  in  the 
history  of  astronomy.  It  may,  id  fact,  be  doubted  whether  any 
other  discovery  in  the  whole  range  of  science  ban  led  to  results 
of  such  far-reaching  interest. 

\Vc  must  here  adventure  for  a  while  into  the  field  of  science 
known  as  geometry,  and  study  tJicrvin  the  nature  of  that  curve 
which  the  discovery  of  Kepler  hiw  niiwil  to  Hueh  tin  paralleled 
importance.  The  subject,  no  doubt,  \*  a.  djilicull  one,  and  to 
parBUfl  it  with  luiy  detail  would  involTc  ua  in  many  abstruse 
calculations  which  would  be  out  of  place  in  this  volume;  but  a 
gcncnd  sketch  of  the  subject  is  indispensable,  and  we  uiUKt  attempt 
to  render  it  xueh  junlici^  as  may  be  compatible  with  our  limits. 

The  curve  which  represeota  with  perfect  fidelity  the  movements 
of  a  planet  iD  its  revolution  around  the  sun,  belongs  to  that  well- 
known  group  of  curves  which  mathematicians  describe  as  the 
conic  sections.  The  jiarlieular  form  of  conic  SR-tion  which  denotes 
the  orbit  of  a  planet  is  known  by  the  name  of  the  etlipte:  it  ia 
fpoken  of  somewhat  less  accurately  w  an  oval.  Tlie  ellipse  is 
a  carve  which  can  be  readily  eonstnietcd.  There  is  no  simpler 
method  of  doing  so  than  lluit  which  is  familiar  to  draughtsmen,  and 
wbicb  we  shall  liere  briefly  describe. 

We  represent  on  the  next  page  (Fig,  35)  two  ptnn  passing 
through  a  sheet  of  {xtpcr.  A  loop  of  twine  passes  over  the  two 
3.iDS  ID  the  uaancr  here  iDdieated,  and  is  stretched  by  the  point 
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of  a  )>onciI.  With  a  1itt1«  care  tlii?  pencil  can  be  guided  so  w 
to  keep  tile  strinj;  stretched,  and  its  point  will  then  di'scnW  a 
eiirve  compMely  arptiod  the  pins,  returniiij;  to  the  point  from 
wliifh  it  ittitrlod.  W'v  tlniK  prodiire  that  teli'hrated  swunetrical 
vLirvo  which  in  «dlcd  an  ellipse.  It  will  ho  verjr  instructive  t« 
draw  a  luimlHT  of  dlijKsi-K,  vurviti!;  in  cnch  ntsi;  the  ciroiimttanws 
under  which  tlicy  arc  fonncil.  If,  for  iiwtanpc,  th«  pins  remain 
pltwod  as  he  fore,  whiU'  IIh-  leiifjlli  of  lhi5  loop  is  incrwu«?d, 
MO  thftt  tho  xwucil  is  farther  iiwity  from  tlic  pins,  then  it  will  be 
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uhscrved  that  the  ellipse  has  lost  some  of  it*  elongation,  and 
approaches  more  closely  to  a  i-in-le,  fJn  thf  other  hand,  if  the 
length  of  the  cord  in  the  locip  be  l<«scnod,  while  tho  pins  remain  aa 
before,  the  ellipse  will  be  found  more  oval,  or,  as  a  mathematician 
would  «ny,  its  efrfiilri/'H)/  is  iiicrciwed.  It  is  also  nsefiil  to  study 
the  changes  wliioli  the  form  of  the  fUipm;  undergoes  when  one  of 
the  pina  is  ult^-reil,  while  the  length  (if  the  loop  remains  unchanged. 
If  the  two  pins  be  bnught  ncttrer  t'lgelher  the  ecwntricity  will 
decn^ai-.  and  the  ellipw  will  approximate  more  closely  to  the  shape 
of  a  circle.  If  the  pins  he  M-iiuraU'd  mnn-  widely  ihc  e^recntricity 
of  the  ellipse  will  be  incrcuwtl.  That  the  circle  is  reidly  a  form  of 
i'lli]we  will  ho  evident,  if  we  Buppow  the  two  \m»  to  draw  in  so 
nlose  together  that  they  heeome  etiinddMit ;  I  he  point  will  then 
simply  traoe  oat  a  circle,  as  the  jKneil  moves  lound  tlie  figure. 


TITE  LAW  OF  ORAVITATWy. 


Ul 


It  will  be  obvious  tliat  the  points  roark^d  by  the  pins  poaseee 
veiy  remarkable  relations  with  respect  to  the  curve.  Eacli  oue  of 
tbeae  points  is  called  a  /oeut  of  the  ellipse,  and  an  ellipse  can  onlv 
have  one  pair  of  fooi.  There  is  in  fact  only  one  pair  of  po^iitioiis 
possible  for  the  t<vo  pins,  wheu  an  ellipse  of  specified  size  and 
shape  is  to  be  constructed. 

The  ellipse  is  thus  a  curve  differiuf;  principally  from  a  circle, 
inasmuch  as  it  possesses  variety  of  form.  We  can  hare  lar^  and 
small  ellipses  just  as  we  can  have  lar;;o  and  small  cirelea,  but  we 
can  also  have  ellipses  of  greater  or  less  eccentricity.  If  the  eUijiM 
has  not  the  perfect  simplicity  of  the  circle,  it  has  at  least  the  charm 
of  variety  which  the  circle  has  not ;  while  the  ellipse  has  also  the 
beauty  which  can  be  derived  from  un  o\itlinc  of  [wrfcct  graccj  and 
an  association  with  the  most  noble  conception)). 

The  ancient  (reometriciani;  hiul  Kl.iiilic<l  the  ellipse  ;  they  bad 
noticed  its  foci;  they  had  become  ncniiainUtJ  with  its  propcrtiet; 
and  thus  Kepler  wa«  familiar  with  the  cIHjihc  at  the  time  when  he 
undertook  his  ever-memorable  reseairi-hes  un  the  movements  of  the 
planets.  lie  had  founi],  ag  we  have  alKwIy  indicated)  that  the 
movements  of  the  |)lancts  cuiild  nut  be  reconciled  with  circular 
orbits.  What  shape  of  orbit  should  m-xt  !« tried?  The  ellipse 
was  ready  to  band,  its  proix'rticM  wen;  known,  and  the  comparison 
could  be  msutc ;  mcnKiriiblc,  indcwl,  wns  thi-  Cdnwi^iicnce  of  this  com- 
parison. Kepler  found  that  the  movement  of  the  planet«  could  be 
explained,  by  suppoiting  that  the  path  in  which  eucli  one  revolved 
wiw  an  ellipxe.  This  in  itaidf  waA  a  discovery  of  the  most  com- 
manding importiinee.  On  tlie  one  hand,  it  iv<luccd  to  order  thi- 
movement))  "f  the  ^rcat  {ftobes  which  circulate  round  the  sun; 
while  on  the  other,  it  took  that  beautifid  class  of  curves  which  had 
enreiMnl  tht;  highest  geometrical  powers  of  the  anctentH,  and  at 
nnee  gave  to  those  curves  the  dignity  of  detinin*;  the  great  htgli- 
wuy*  of  the  universe. 

But  we  have  as  yet  only  partly  enunciated  the  6nit  discovery  of 
Kepler.  ^^')•  have  seen  that  a  planet  revolve*  in  an  ellipse  ari>und 
the  sun,  and  tliat  the  sun  i^  thcreforv  at  come  point  in  the  interior 
of   the   cllix>sc — but  at  what   point?     Intonating   indeed   ii   tlw 
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ftiiMwiT  to  thiM  qiK>Ktioii ;  for  huvc  we  not  pointed  out  how  the  Foci 
poMCM  a  •ignifu^ttK'e  which  no  otlier  poiiit«  enjoy?  Kcplvr  showod 
that  the  tniii  most  be  utunted  in  ono  of  the  foci  in  the  e1tip«e  id 
whirh  each  |)ltQet  rcvolv<'K.  We  can  thus  enunHat'O  the  first  of 
Kqilet's  law»  of  |)lan«tarv  motion  in  the  following  worfs ; — 

I:acA  planet  revolves  around  tie  tun  in  oh  eW'plk  path,  having 
Me  ann  at  one  of  thf  for'. 

We  nre  now  enabled  to  form  a  clear  pidure  of  tlie  orbits  of  the 
pUnetii,  he  they  ever  k>  nuniernus,  aa  they  revolve  around  the  sun. 
In  the  first  place  we  obeerve  that  the  ellipse  is  eminently  a  plane 
eurve;  that  is  to  say,  each  planet  must,  in  the  course  of  itn  long 
journey,  contine  its  movements  to  one  pUiie.  Each  planet  has  thus 
a  eertain  plane  appropriated  to  it.  It  is  true  that  all  these  ptaiiea 
are  very  nearly  coincident,  at  least  in  so  tar  as  the  j^at  planets 
are  concerned ;  hut  Btill  they  are  distinct,  and  the  only  feature  in 
which  they  all  a^ree,  is  thut  cnch  one  of  tbem  passes  through  the 
sun.  All  the  elli]>tie  orbits  of  the  pUneta  have  one  focos  in  oom- 
mon,  and  that  iw\i*  lies  at  the  centre  of  the  sun. 

It  is  well  to  ilhietrattf  this  remarkable  law  by  conridcring  the 
circumstances  of  two  or  Uirw  different  planets.  Take  first  the  caas 
of  tiie  earth,  where  the  path,  though  really  an  ellijise,  is  very 
nearly  circular.  In  fact,  if  it  were  drawn  accurately  to  scale  on 
a  sheet  of  paper,  the  iHffen.'n(re  between  the  elliptic  orbit  and  the 
circle  w<iiild  lianlly  be  tletectrd  without  careful  measurement.  In 
the  case  of  Venu>  the  ellipse  is  Etill  more  nearly  a  circle,  and  the 
two  foci  of  the  ellipse  are  very  nearly  coincident  with  the  centre 
of  the  circle.  On  Uic  other  band,  in  the  cwtc  of  Mercury,  we  have 
an  ellipse  which  departn  from  the  circle  to  a  very  marked  extent, 
while  in  the  orbits  of  some  of  the  lesser  planct«  the  eccentricity  is 
still  greater.  It  in  extremely  remarkable  that  every  planet,  no 
matter  bow  far  from  the  sun,  should  be  found  to  move  iu  an  ellipse 
of  some  shape  or  other.  We  shall  presently  aliow  tliat  neoessity 
eompelit  each  planet  to  pursue  an  elliptic  path,  and  that  no  other 
form  of  path  is  possible. 

Started  on  its  elliptic  path,  the  planet  pursues  its  stately  course, 
and  after  a  certain  interval  koown  as  t\K  periodic  time,  re^Ds  the 
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position  from  which  it  started.  A^n  the  planet  traces  out  anew 
the  elliptic  path  which  it  formerly  pureued,  and  thus,  revolution 
after  revolution,  the  same  track  is  fiillowed  around  the  sun.  Let 
us  now  attempt  to  follow  the  planet  in  its  course,  and  observe  the 
history  of  its  motion  during  the  time  requisite  for  a  complete 
circuit  of  the  sun.  The  dimensions  of  a  planetary  orbit  are  so 
stupendous  that  the  planet  must  run  its  course  very  rapidly  in  order 
to  complete  the  journey  within  the  allotted  time,  llie  earth,  as 
we  have  already  seen,  would  have  to  move  about  eighteen   miles 
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Fi([.  36.— Varjing  Ttiocity  of  ollijitic  mntiiHi. 

a  second  to  complete  a  voyajje  round  the  buii  in  tlii>  eoursc  of 
■?(io|  days.  The  question  then  arisen,  an  to  whether  the  rate  at 
which  a  planet  moves  is  uniform  or  not.  Does  the  earth,  for 
instance,  actually  move  at  all  times  with  the  vcloeity  of  eighteen 
miles  a  second,  or  docs  our  planet  sometimes  move  more  rapidly  and 
sometimes  more  slowly,  so  that  the  averaj^'  oi  eighteen  miles  a 
second  is  still  maintained?  This  is  a  question  of  very  great  im- 
jmrtance,  and  we  are  able  to  answer  it  in  the  (-learest  and  most 
emphatic  manner.  The  velocity  of  a  planet  is  n-'f-  uniform,  and  the 
variations  of  that  velocity  can  be  ex|ilaiuHi  liy  the  adjoining  tigiirc. 
Let  us  im^inc  the  planet  first  of  all  to  he  situated  at  that  part  of 
its  path  most  distant  from  the  sun  towards  the  right  of  the  figure. 
In  this  position  the  velocity  is  at  its  lowest  value;  as  the  planet 
begins  to  approach  the  sun  the  speed  gradually  improves  until  it 
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attatuB  its  mean  value.  After  this  point  has  been  passed,  and  the  planet 
is  now  rapidly  hurrying-  on  towards  the  sun,  the  velocity  with  which 
it  moves  becomes  gradually  greater  and  greater,  until  at  length, 
OS  it  dashes  round  the  sun,  its  velocity  reaches  the  highest  poinl. 
After  pasaing  the  sun  the  distance  of  the  planet  from  the  sun  in- 
creases, and  the  velocity  o£  the  mol^on  begins  to  abate;  gradually  it 
sinks  down  until  the  mean  value  is  again  reached,  and  then  it  falls 
still  lower,  until  the  planet  recedes  to  its  greatest  distance  from  the 
aun,  by  which  time  the  velocity  has  abated  to  the  point  from 
which  wc  supposed  it  to  commence.  We  thus  observe  that  the 
nearer  the  planet  is  to  the  sun  the  quicker  it  moves.  Wc  can, 
however,  give  numerical  definiteness  to  the  law,  according  to  which 

c 


A 

Fig.  37, 'Equal  areas  in  equal  timex. 

the  velocity  of  the  planet  varies.  The  adjoining  figure  gives  a 
planetary  orbit  with,  of  course,  the  sun  at  the  focus,  S.  We  have 
taken  two  portions,  A  B  and  C  U,  round  the  ellipse ;  wc  have 
joined  their  extremities  to  the  focus;  and  wc  have  marked  the 
two  nearly  triangular  areas  by  shading.  Then  Kepler's  second  law 
may  be  stated  in  these  words ;  — 

"  Eeeri/  planet  movex  roanif  the  sini  irilh  mirh  a  ri-fority  at  erer^ 
point,  that  a  alraight  line  drtiKnJ'rom  it  io  lie  inn  oa^iet  over  equal 
areat  ia  equal  time*." 

If,  therefore,  the  two  shaded  portions,  A  B  S  and  I>  C  S,  are 
equal  in  area,  then  the  times  occupied  by  the  planet  in  travelling 
over  the  portions  of  the  etli[i8e,  A  B  and  C  D,  are  ci^ual.  IE  the  one 
area  be  greater  than  the  other,  then  the  time  occui)ied  is  greater 
in  the  proportion  of  the  areas. 
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This  law  Wing  uilmitU^I,  the  n'-juon  of  the  incrcMe  in  tbt 
planet's  velocity  when  il  apiiriKtehcK  th«  xun  ik  nt  once  ui^KTvnt. 
To  accompli^!  u  (lL'iitiit«  nrwt  wiicii  ncur  tlic  eun,  %  l»r]gor  tire.-  ik 
obviously  neceaaary  than  nt  other  parts  of  IIm*  path ;  while  nt  th<- 
opposite  extremity  of  thi*  iwlh,  >  HmiUl  iire  ciiHicvs  Tor  n  lari^-  nrni, 
and  the  velocity  la  aeconlingly  lesii. 

Tbeeo  two  laws  completely  eiiu»oiat«  the  motion  of  u  pinnct 
round  the  sun.  The  first  deGiios  the  imtli  which  tlie  planet 
pursui's;  the  ieootid  describes  how  the  velocity  of  the  planet  vurics 
nt  difFvrunt  points  along  ita  path.  But  Kepler  added  to  these  a 
thinl  law,  which  eoablee  us  to  compare  the  movements  of  two 
diffcrciit  planets  revolving  round  the  eame  sun.  Before  statinj; 
lbii>  law,  it  is  necessary  to  explain  exactly  what  is  meant  by  the 
mean  dixtanoo  of  a  planet.  In  its  elliptic  path  the  dietancc  from 
tfaa  sun  to  the  planet  is  eonstaotly  ebauging;  but  it  is  nevertheless 
fnr^y  to  attach  a  distinct  meaning  to  that  distance  whivh  is  an 
nvi-nige  of  all  the  distances.  This  average  is  called  the  mean 
distance.  The  simplest  way  of  Rnding  the  mean  distance  is  to 
odd  the  greatest  distance  lo  the  leoiit  dii^ance,  and  take  half  the 
fUm.  We  hove  already  dr-rmed  the  ]>erio<lie  time  of  the  planet ;  it 
is  the  nnmber  of  days  which  the  planet  requires  for  the  com- 
pletion of  a  joTirney  round  its  path.  Kepler's  third  law  ralabtishes 
a  rffilation  between  the  mean  dixtance  and  the  periodic  time.  That 
rvlation  is  stated  in  the  following  words  : — 

"  T^e  sqitarei  of  the  periodic  timet  are  propOTtioaal  to  tie  eaiet 
of  Ihf  mean  tllntaneet." 

Kepler  saw  that  the  different  planets  bod  dilTercnt  periodic 
times ;  he  al»'o  saw  that  the  greater  the  mean  distance  of  the  planet 
Uie  greater  was  its  i>eriDdic  time,  and  he  wiis  dvtomiine*l  to  I'md 
out  the  connection  between  the  two.  It  was  easily  ween,  that  it 
would  nut  Ijo  true  to  say  that  tbe  porio<lie  time  is  nuirly  propor- 
tional to  the  mean  distance.  Were  this  tlte  caKc,  if  on<!  planet  had 
a  diatnnee  twice  m  great  us  another,  the  periodic  time  in  tti« 
former  caite  would  have  been  double  that  in  the  Utter;  but  obser- 
vaUons  showed  tbat  though  the  pi-riodic  time  in  tlie  one  caae 
exceeded  that  in  tho  other,  yet  that  it  was  less  tlum  twice  as  mueh. 
I  % 
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By  tepeat4>d  IriaU,  which  would  have  Gxhnusted  the  patience  of  on« 
less  confident  in  himself,  ami  less  assured  of  the  accuraey  of  the 
obser^-atione  which  he  sought  to  interpret,  Kepler  at  lenfi^h  dis* 
covered  the  true  Jaw,  and  expressed  it  in  the  form  we  have  stated. 

To  illustrate  the  nature  of  this  law,  n-e-shall  take  for  coinpariaoii 
the  earth  and  the  planet  Venus.  If  we  denote  the  mean  distaiiw' 
of  the  eartli  from  the  sun  hy  unity,  then  the  mean  dixtauce  of 
Venus  from  the  sun  is  O'T-^d.  If  we  omit  decimals  beyond  the 
first  place,  we  can  n-prcsent  the  i>eriodio  time  of  the  earth  ss  3S5''1 
d«yf,  and  the  ])criu<.lic  time  of  Venus  as  iH-J  days.  Now  the  Law 
which  Kepler  HKiicrtK  is  that  the  si^unro  of  365'3  is  to  the  square  of 
234'r  in  the  *amt'  pnipfirlion  as  unity  is  to  the  cube  of  0'72S3. 
The  reader  can  uasily  vurify  the  truth  of  this  identity  by  autual 
multiplication.  It  i»,  however,  to  be  remembered  that,  as  only  four 
fijj^res  have  bceu  retaint^d  in  the  expressions  of  the  periodic  times, 
so  only  four  figiires  are  to  bft  eonwdtred  significant  in  inaliinff  the 
calculations.  IVrhapn,  however,  the  most  striking  manner  of 
malting  th«  verification  will  he  to  re^trd  tliv  time  of  the  rcvolutioa 
of  Venus  as  au  unknown  quantity,  and  deduce  it  from  the  known 
revolution  of  the  earth  and  the  me-im  distance  of  Venus.  In  this 
way,  by  assaming  Kepler's  law,  we  deduce  the  cube  of  the  periodic 
time  by  a  simple  proportion,  and  the  multing  value  of  iii-7  days 
can  then  be  obtained.  As  a  matter  of  fact,  in  the  calculations  of 
astronomy,  the  diKtitnevs  of  ihv  planetn  arc  uriiially  ascertained  from 
Kepler's  Uw.  Tlic  iwriodic  time  of  the  piniict  in  an  clement  which 
can  be  rocasurecl  with  ^reat  accuracy ;  and  once  it  is  known,  then 
the  square  of  the  mean  dirtauee,  and  connequently  Uie  mean  distance 
iteelf,  is  determined. 

Such  arc  the  three  celebrated  law*  ef  Flunelary  Motion,  which 
have  always  been  associaltd  with  the  name  of  their  ditcovercr. 
Tlie  profounil  "kill  by  which  these  laws  were  (Oicitcd  from  the 
masses  of  oliNiTviitions,  the  intriuHie  K'uuty  nf  tlie  lawn  tlioni- 
Belves  and  their  abiiolute  truthfuliiesii,  their  wide-spread  generality, 
and  the  bond  of  union  which  they  have  established  between  the 
various  memlx'rs  of  the  solar  irystem,  have  given  these  lawa  qutto 
«n  exooptional  jioKition  iu  aatronomy. 


THE  LAW  OF  OltAVITATIOS. 


117 


As  established  by  Kepler,  theet'  planetary  laws  were  merely  the 
n-fiults  of  obticrvatioD.  It  was  found,  as  a  matter  of  fact,  that  the 
planets  did  move  in  elUpoes,  but  Kepler  assigned  uo  reason  why 
they  should  move  in  ellipses  rather  than  in  any  other  corve.  Still 
less  waa  he  able  to  jfive  a  reason  why  they  should  sweep  over  equal 
areas  in  eqnal  times,  or  why  that  third  law  was  invariably  obeyed. 
The  laws  as  tliey  came  from  Kepler's  hands  stood  oat  as  three 
independ<-nt  truths;  thuroiig'hly  eslablished,  but  wholly  unsupported 
by  any  rxplaiintion«  iis  ti>  wliy  thrse  muvemeiits  rather  than  any 
otlier  movement)!  should  be  ihoHC  iipiiropriate  for  the  revolutiona  of 
the  planet*. 

It  wn8  the  cron-ninfj:  triumph  of  the  tT'uat  law  of  universal 
fj^ravitation  to  remove  from  Kepler'^  laws  this  pmpirieal  eharartrr. 
Newton's  grand  discovery  bound  together  the  thrve  tsolatod  law*  of 
Kepler  into  one  W-autiful  doctrine.  He  Hlioweil  not  only  that  tho«e 
laiTJi  are  true,  hut  he  Khowed  why  they  must  be  true,  and  why  no 
otlier  lawB  eould  have  bet-n  true.  He  proved  (o  demonstration 
in  his  fainuuR  work,  the  "Prineipitt/'  that  the  true  eiplaoation  of 
the  lawa  of  Kepler  wan  to  Iw  Kought  in  the  attraetion  of  {jravi- 
talicn.  He  xhowed  thiit  in  the  sun  rt-sided  a  power  of  attraction, 
and  bow  it  wiw  a  neeenMU-y  consequenec  of  that  attraction  that 
every  pUnet  should  revolve  in  an  elliptic  orbit  round  the  bud, 
httvinfj  tin*  nun  im  tme  fw!u»;  that  the  rudiue  of  the  planet's  orbit 
idiuuld  sweep  over  eijiial  nreaa  in  equal  1  inie* :  and  that  in  comparing; 
the  movementa  of  two  plancta,  it  benimc  nece»i<ary  to  have  the 
S(|aarea  of  the  periixlic  timeit  proportional  to  the  cubes  of  the  mean 
<listanceii. 

As  thiv  is  not  a  mathematical  treatise,  it  will  be  impoatible  fur 
uii  to  dixeuss  the  proofs  wbicJ]  Nenton  has  given,  an<l  which  have 
eommanded  the  immediate  and  universal  acquiescence  of  all  who 
have  taken  the  trouble  to  understand  them.  We  must  herv  only 
ironfine  ourselves  to  a  very  brief  and  general  survey  of  the  vuhjret, 
which  will  indicat«  the  character  of  tlie  reasoning  employed, 
without  introducing  details  of  a  technical  character. 

Let  us,  in  the  first  place,  endeavour  to  think  of  a  globe  freely 
poised  in  space  and  completely  isolated  from  tJte  influence  of  every 
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other  body  in  the  univi>r»p.     Lrt  u«  imagine  that  tlii»  glohe  ia  set 

in  motion  by  some  impulse  wliioh  Aturtu  it  fvrwiird  like  a  mighty 

bullet  tbrough  the  rexlaiN  of  upoce.     When  llie  iinpiilitc  ceaet'H  the 

globe  is  in  motion,  and  it  <»ntinuf8  to  move  onwartln.     Hut  what 

will  be  the  path  which  it  will  jiuntue  f    ^'e  are  so  accuiitonied  to 

aee  a  stone  tbrowi)  into  the  lur  movinj;  in  a  cnn,'ed  i)ath,  that  we 

might  naturally  think  a  body  projected  into  free  space  will  ulso 

move  in  a  curve.     A  little  consideration  will,  however,  show  that 

the  cases   are  very  different.      In  (he  realms  of    free   e[>acc  we 

find  no  conception  of  upwards  or  downwards ;  all  iiaths  are  alike ; 

there  is  no  reason  why  the  body  should  swerve  to  the  righl  or  to  the 

left ;  and  hence  wc  are  led  to  sunnisc  that  under  these  eircum stances 

a  body,  once  started  and  freed  from  all  interfeivncc,  would  move  in 

a  straight  lino.     It  is  true  that  this  statement  is  one  which  can 

never  be  submitted  to  the  test  of  direct  experimcut,     CircumstancwJ 

OK  we  are  on  the  surfaec  of  the  earth,  wc  have  no  means  of  isolating 

■  body  fn>mvxt4Tmal  forces.    Ilic  rr«istanco  of  the  air,  as  well  osfrie- 

tion  ill  various  other  formSi  no  lees  than  the  gravitation  towards  the 

earth  itself,  interfere  with  our  ex|)erimonts.    A  stone  thrown  along 

u  Kheet  of  ice  will  W  exposed  to  but  little  interference,  and  in  this  ease 

wc  sec  that  the  stone  will  take  a  straight  course  along  the  frown 

Kurface.     A  stone  similarly  t^ast  into  empty  s|>nee  would  purstio  a 

poutw  absolutely  rectilinear.     Tliie  we   demonstrate,  not   by   any 

atti^miits  at  an  experiment  which  wonid  ncw««arity  be  futile,  but 

by  indirect  reaironing.     'ilie  truth  of  this  principle  can  never  for  n 

moment  he  doubt«d  by  one  who  has  duly  weighed  the  argnmeula 

which  have  been  products!  in  it*  behalf. 

Admitting,  then,  the  recrtiliuear  juith  of  the  bocfy,  tli«  D«t 
•{uojition  which  arisn  relates  to  the  velocity  with  which  tliut 
Aiovcmenl  m  [x^rformed.  The  Mtnne  gliding  <ivi'r  the  smooth  iee  ui) 
a  froscn  lake  will,  uf  «veni'onc  bus  oliKcrvcd,  tntvd  a  long  distanev 
bi-fore  it  eom<'R  to  ri-nt.  There  is  but  little  frirfion  Ijctwcen  the  ioo 
and  the  stone,  hut  tliere  la  some  friction;  and  as  that  friction 
always  tends  to  atop  the  motion,  it  will  at  h-nglh  hit]>]>en  that  the 
atone  ia  brought  to  rmt.  In  a  voyage  thmugh  the  Koliludrs  of 
apaee  a  body  es]>eriraca  no  friction ;  there  'a  no  tendency  for  the 
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veWity  to  l>e  reduced,  and  cimscqiieiitly  we  believe  that  the  body 
could  journey  on  for  ever  with  unabated  speed.  No  dout>t  such  a 
fiUteroent  eeems  at  variance  with  oar  ordinary  experience.  A 
Bailing  sbip  comes  to  rest  on  the  §e»  when  the  wind  dies  away. 
A  train  will  gradually  lone  its  velocity  when  the  steam  lias  been 
turned  off.  A  humming-top  will  slowly  expend  it«  rotatioR  and 
come  to  rest.  In  tJiese  instancee  we  seem  to  have  proof  that  when 
the  fiifce  which  has  impntlcil  motion  has  ceased,  the  motion  itself 
will  (gradually  wane  and  ultimately  cesae  entirely.  Hut  in  all 
thi?t<e  cases  it  will  be  found,  on  rcflt-ction,  that  tliu  di-cline  of  the 
motion  is  to  be  nttribiitril  to  the  nctiou  of  resisting  forces.  The 
Hiilin^  ship  is  retarded  by  the  rubbing  of  the  wat«r  on  its  sides ; 
the  train  is  rotardi'd  by  the  friction  of  the  wheeU,  and  by  the  fact 
that  it  has  to  fnnw  its  way  through  the  air ;  and  the  resistance  of 
the  air  is  mainly  the  cause  of  the  stopping  of  the  humming-top, 
for  if  the  air  he  wilhdniwii,  by  mnk iug  the  experiment  in  a  vacuum, 
the  top  will  continue  to  spin  for  a  greatly  lengthened  period. 
\Vh«n  we  duly  weigh  these  eonsideraliuns  we  shall  find  it  possible 
to  admit  that  a  biidy,  onee  projected  freely  in  space  and  acted  upon 
by  no  exteiual  resistance,  will  continue  to  move  on  for  ever  in  a 
atraight  line,  and  will  preserve  unabated  to  the  end  of  time  the 
velocity  with  which  it  originally  started.  This  principle  is  known 
M  the_^r«/  /'tio  of  iiif'thn. 

Lei  us  apply  this  great  principle  to  tlie  imjwrtant  question  of 
the  movement  of  the  planets.  Take,  for  instance,  the  earn  of  our 
earth,  and  disouas  the  consequences  of  the  Erst  law  of  motion. 
Our  earth  is  overj'  moment  moving  with  a  velocity  of  about 
eighteen  miles  a  second,  and  the  Rret  law  of  motion  assures  us  that 
if  the  eartli  were  submitted  to  no  external  force,  it  would  for  ever 
pursue  a  straight  track  through  the  universe,  and  never  depart  from 
the  precise  velocity  which  it  has  at  the  present  moment.  Dut  is 
the  earth  moving  in  this  manner?  Obviously  not.  We  have 
already  found  that  the  earth  is  moving  round  tlui  mm,  and  tlw 
beautiful  laws  of  Kepler  liave  given  to  that  inution  tlie  moet 
perfect  distinctness  and  precision.  The  eoui>ie<}iienee  is  irresistible. 
The   earth   cannot   be   free   from   external   force.     Sonu'  potent 
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itifliiiitco  f>n  tho  «>nrtli  muvt  be  in  ocaai'lt^iiR  action,  'fliat.  influence, 
whatever  it  may  be,  cunitlsntly  dctlpcts  the  trarth  from  the  no- 
tilincar  path  whii-h  it  tend):  to  j)tirHiic,  and  eonstminii  the  earth  to 
tratw  out  an  <-IlijiKi-  iimtiiul  of  a  »trai(;ht  Hue. 

The  great  ]i)-(>hU'iii  to  be  solved  is  now  easily  stated.  Tliere 
mmt  be  some  conittunt  inHueiic'e  on  the  earth.  What  is  that 
influence,  from  whence  does  it  jiroi-eiHl,  and  to  wliat  law  is  it 
snbmilted  ?  Nor  in  the  ([uestion  i-untined  to  the  earth  alone. 
.Mercury  and  Vunutt,  Alarit,  Jupiter,  and  Salum  proclaim  aloud  that, 
as  they  are  not  moving  in  rectilinear  patlis,  they  must  be  rsposcd 
to  aome  force.  What  is  this  force  wliicli  j^iidce  the  planets  in 
their  paths?  Before  the  time  of  Newton  tins  question  minht 
have  beeu  asked  in  vain.  It  was  the  mifjlity  ircnius  of  Newton 
which  supplied  the  answer,  and  thus  revolutionised  the  whole  oE 
in'Hlern  science. 

Where  lie  the  data  from  which  tho  answer  to  the  qucfllion  is 
to  be  elicited?  Wo  have  here  no  problem  which  can  be  solrcci 
by  mere  mathematical  meilitation.  Mathematics  is  no  doubt  a 
useful,  indu'cd  an  indispeniiable  instrument  in  the  inquiry  ;  but  we 
must  not  atlnhute  t<»  matJiematics  a  potency  which  it  does  not 
possess.  In  a  case  of  tbis  kind,  all  that  mathematics  can  do  is  to 
iotfrpret  the  results  obtained  by  obf^crvation.  Tiio  data,  then, 
from  which  Newton  proceeded,  were  tho  observed  facts  in  the 
movement  of  the  earth  and  the  other  planets.  Those  facte  bad 
fount)  a  most  beautiful  expression  by  the  aid  of  Kepler's  laws. 
It  was,  accordinKly,  the  laws  of  Kepler  which  Newton  took  lis  the 
basis  of  his  labours,  and  it  was  for  tho  intcqirdation  of  Ke]>lcr'M 
lavrs  that  Xewl«n  invoked  the  aid  of  that  cclebmted  maUicmatieul 
reasoning  which  be  crcati-d. 

The  question  is  then  to  be  ap]ir<«ched  in  thin  way :  A  planet 
beinf;  subject  to  jow/--  exl<'riial  influence,  wc  hiivc  to  ilclennitic  wliat 
that  influence  is,  from  our  knowliylge  that  the  path  of  eii<'h  phinct 
ia  an  elli|mc,  and  that  each  planet  sweeps  round  tlie  sun  over  n|ual 
areaa  i»  cciutil  timea.  The  influence  on  each  planet  ia  wlrnt  a 
mathematician  wotili]  call  a  force,  and  a  force  must  have  a  lino  of 
direction.     The  most  »implc  vonv4.')>tlon  of  a  force  ix  tliat  of  a  pull 
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conmnnmitcd  ftlon^  b  ropp,  and  ttii>  dirMinn  of  th«  rope  '»  io  this 
eate  tb»  dirvction  of  tlw  force.  Let  a*  iiiuigine  that  tbv  force 
«xRt«<l  on  «ch  planet  is  im]>urtc<l  by  an  inviiiibl«  rope.  What  do 
Kcplrr^K  lawn  t<-l)  iiK  with  rrtjiml  to  tho  directinn  of  this  rojM  nud 
to  ti>r  intrimity  uf  ih<-  iilraiii  wliirh  is  tnuisniilled  alonf^it? 

The  malhiinatiral  aiutlyxiK  of  Keptor's  lawg  wonld  bo  beyond 
the  aoope  <if  thix  volumii.  Wi;  muiit,  therefore,  couline  oureelvee 
to  the  nsnllK  ohtjtinol  by  them,  {lasaing  by  th«  details  of  the 
reoaofiing.  Newton  (ml  took  tlie  law  which  asserted  that  tli« 
planet  movnl  over  equal  arcaa  in  e<)ua]  limes,  and  he  »hnweil  hy 
unimpeaehahle  logie  that  this  at  once  gave  the  direetion  in  whirh 
the  force  acted  (III  the  planet.  If  for  the  snke  of  illuittnitioit  we 
regard  as  before  the  force  to  be  exerted  by  tlw  medium  of  a  rope, 
Newton  showed  that  that  rojie  must  be  invariably  dirvctril  towurdu 
the  sun.  In  other  tvords,  that  the  force  exerted  on  cai-li  planet  wm 
at  all  times  directed  exa«tly  frwm  the  planet  ton-anlv  the  mip. 

It  still  remained  to  explain  tho  intensity  of  tlio  force,  and  to 
■how  how  the  intensity  of  that  force  varied  when  the  pliinel  wan  at 
different  (mints  of  its  path.  Kepler's  firet  law  enabli-s  this  4]ni«tion 
to  be  answered.  If  the  planet's  path  bo  elliptic,  and  if  tlwi  foree 
be  always  directed  towards  the  aun  at  one  foctis  of  that  ellipse,  then 
mathematical  analysis  ohligett  tu  to  say,  that  the  intensity  of  the 
force  most  vary  invereely  as  the  square  of  the  distance  from  the 
planet  to  the  sun. 

The  movements  of  the  planets  in  conformity  with  Kepler's  laws 
wouM  thns  be  accounted  for  even  in  tlieir  minutest  detiils,  if  we 
admit  that  an  attractive  power  draws  the  planet  towards  the  sun, 
and  that  the  intensity  of  this  attraction  varies  inversely  as  the  sqnare 
of  the  distance.  Can  we  hesitate  to  say  that  such  an  attraction 
does  exist  ?  We  have  ww'n  huw  the  earth  attracts  a  falling;  body  ; 
we  have  seen  how  the  earth's  attraction  extends  to  the  moon,  and 
explains  the  revolution  of  the  moon  around  tie  earth.  We  hare 
now  learned  that  the  movement  of  the  planets  round  the  sun  can 
be  also  explained  to  be  the  consequence  of  thia  law  of  attraction. 
But  the  evidence  in  support  of  tlic  law  of  tmiversid  gravitation 
it,  in  truth,  much  stroD^-r  than  any  we  have  yet  preaented.    We 
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Eihall  have  occasion  to  dwell  on  this  matter  further  on.  "VVe  shall 
show  not  only  how  the  sun  attracts  the  planets,  but  how  the 
planets  attract  each  other;  and  we  shall  find  bow  this  mutual 
attmction  of  the  planets  has  led  to  remarkable  discoveries  which 
have  raised  the  truth  of  the  law  of  gravitation  beyond  the  possi- 
bility of  doubt. 

Admitting  the  law  of  gravitation,  we  can  then  show  that  the 
planets  must  revolve  around  the  sun  in  elliptic  paths  with  the  sun 
in  the  focus.  We  can  show  that  they  must  sweep  over  equal 
areas  in  equal  times.  We  can  prove  that  the  squares  of  the 
periodic  times  must  be  proportional  to  the  cubes  of  their  mean 
distances.  Still  further  we  can  show  how  the  mysterious  move- 
ments of  comets  can  be  accounted  for.  By  the  same  great  law 
we  can  explain  the  revolutions  of  the  satellites.  Wc  can  account 
for  the  tides,  and  for  numerous  other  details  throughout  the  Solar 
System.  Finally,  we  shall  show  that  when  we  extend  our  view 
beyond  the  limits  of  our  Solar  System  to  the  beautiful  starry 
systems  scattered  through  space  we  find  even  there  evidence  of 
the  great  law  of  universal  gravitation. 


CHAPTER  VI. 


TUX  PLAXIST  OP  BnMAXCE. 


OotUne  of  tlie  Sabjwt^ts  Monrary  the  PLmnl  RMrmt  tbw  Suo  F—Traiull  ot  ui 
latorio'  PbuiM  ■GruM  the  Hun  lliu  ■  Tnuinit  iif  VuIrui  ever  tmon  rnmt — 
VUlbillty  of  PUnoU  durliii;  a  TutiU  Kulipn  o(  Uw  Sun— ProfuMr  Watton's 
IlVBWiivhM  in  1S7S. 

PitoviDM)  with  a,  ;<«nera1  survey  of  the  Snkr  System,  and  vnth  stivli 
an  outline  of  the  law  of  universal  ^mvilation  a»  the  last  chaptiT 
has  afforded  U8,  we  oummonoe  tlit^  iimre  detailed  examination  of 
the  planets  and  their  satellites.  We  sliall  hefpii  with  thf  pl:mct)i 
nearest  to  the  sun,  and  then  we  shall  gradually  proceed  outwards  to 
one  pbnet  after  another,  until  wi-  reach  the  oonlineii  of  the  nystein. 
We  shall  find  much  to  ooeupy  our  ntlentiou.  Kac-h  planet  is  itsoll' 
a  globe,  and  it  will  he  our  duty  to  desenl>e  wliat  is  known  of  that 
globe.  Till'  Mttt'lliti'S  by  which  so  many  of  the  plitnetii  are  accom- 
junied  posse»t  nmny  points  of  inti-rv6t.  llie  circumstances  of 
their  disciivery,  their  sizes,  their  movemfnta,  and  their  distan«>, 
most  all  be  duly  conudered.  Then,  too,  it  will  he  found  that  the 
movemenls  of  the  ]>lajiets  present  much  matter  for  reflection  and 
examination.  We  shall  have  oeeat>iou  to  show  how  the  planets 
mutually  diKlurb  each  other,  and  what  remarkable  conEcquences 
have  arisen  from  these  disturbancea.  We  tnust  also  occasionally 
refer  to  the  important  problems  of  celestial  mea^urin^  and  celestial 
weighing.  We  must  show  how  the  sizes,  the  weights,  and  the 
distances  of  the  varioua  memhera  of  our  Byvlem  are  to  be  dis- 
covered. A  great  ]iart  of  our  tatJc  wilt  lead  us  over  ground  which 
is  thoroughly  certain,  and  when-  the  results  have  been  eonlirmed  liy 
fretjuent  obM-rvation.  It  happens,  however,  that  al  the  very  outset 
oC  our  course  we  are  obliged  to  deal  with  obser^'ations  which  are  fur 
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from  cei-t»in.  The  existence  of  a  jiliui^t  much  olowr  than  ihoHc 
hitherto  known  )ui»  Ueun  ii»«itIihI  by  conijH-leiit  authority.  The 
i)ii«sti>m  is  still  tjmt«  iinscttlvd,  ami  tliO'  |>]itnct  cannot  with  ocr> 
tiuiity  ho  pointed  out.  Heiiei'  it  in  that  wo  huve  cnlled  iho  siilijwt 
of  this  ohujitcr,  Tlio  Planet  of  Rcunttiico. 

It  hiul  r>ft«D  liticti  tliiiughl  thut  Mercury,  hmg  itii[ij)o«c<l  to  be 
the  iK-artvl  [iliim-t  to  the  muu,  wsk  perhajut  not  really  the  hody 
c-iitithHl  t»  that  diHtinetion.  Metvury  revolves  round  iJie  >>uu  at 
au  avcm^^i;  di.itjtnoi-  ui'  uIkjuI  tttijOOOjOUU  tnilcK.  In  the  iiiten'a) 
hrlwetii  it  and  the  Ktin  thi-m  mi^ht  have  tftvn  one  i>r  many  other 
plunetA.  Thenr  might  have  heen  ouv  revolvin^u;  at  ti-ii  million 
miloHi  anothi-r  ul  Uftcen,  and  iiu  on.  Jlut  did  Mieh  planets  cii&t'f 
Did  cvou  onv  planet  revolve  iiwidc  the  urliit  of  Mercury  ?  There 
WER!  certain  reononii  for  believing  in  such  it  pliiiii't.  In  llie  more* 
mentfl  of  Mercury  iudicutionn  were  (n-retiptihlc  of  an  influence  that 
could  have  been  aeeounted  fur  hy  the  sujipoHilion  of  au  interior 
planet.  But  there  was  necessarily  a  ^reat  (lifllcully  about  neeing  this 
object.  It  must  always  be  close  to  the  sun,  Mid  eveo  in  the  best 
telcaeope  it  i«  generally  impossible  to  see  a  nturlike  jwint  in  that 
ponitioii.  Nor  could  nuih  a  planet  W  Been  nftvr  Kunm-t,  for  at  the 
l>est  it  would  net  almost  inunvdiaCely  after  the  »ua,  and  a  like 
diOicuIty  woidd  make  it  invisible  ut  KunriKe. 

Our  ordinary  ineunx  of  olmorving  u  phinet  have  thi*rrfore  com- 
pletely failed.  Wc  are  eompelled  U)  rworl  to  extraordiiuu-y 
mcthodii,  if  we  would  seek  Ut  Nvttle  the  great  question  as  to  tlto 
existence  of  the  intm-Meniirial  plani'tti.  There  are  at  least  two 
extraordinary  mcthodM  of  oh«ervatiou  which  might  be  expected 
oveanonally  ti>  answer  our  purpose. 

The  finl  of  tbcwe  methucU  wouhl  arlM.^  when  it  so  happened  that 
the  unknown  planet  nine  directly  Iwtwren  the  earth  and  the  sun. 
In  the  adjoining  diagram  we  have  tho  Hun  at  the  centre;  the 
internal  orbit  denotes  thut  of  the  unknown  planet,  which  lias 
received  the  unme  of  Vulcan  before  even  its  very  existence  lias  been 
at  all  itatiHfactorily  establiiihiH].  The  outer  orbit  denotes  that  of 
the  earth.  As  Vulcan  moven  more  rapidly  than  the  earth,  it  will 
frequently  liappen  tliat  the  planet  will  overtake  the  earth,  so  that 
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tliG  three  bodieu  will  have  the  poeitione  rcprcBented  in  the  diagmtn. 
It  would  not,  b'lwevor,  neeefisarity  follow  that  Vulcan  was  exactly 
between  the  earth  and  the  sun.  The  path  o£  the  planet  may  be 
tilted  up  80  that,  as  eeen  from  the  earth,  Vulcan  would  be  over  the 
Bun,  or  under  the  aun,  according  to  circumstances.  ]f,  however, 
Vulcan  really  do  exist,  we  can  be  assured  that  sometimes  the  three 
bodies  will  be  directly  in  line,  and  this  would  then  give  the  desired 
opportunity  of  making  the  telescopic  discovery  of  the  planet.     We 
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Fig.  38.— Thu  Transit  i)£  Iho  riflnct  of  RomiinRp. 

should  esi>ect  on  such  an  oci-asion  to  see  the  planet  as  a  dark  spot, 
moving  slowly  across  the  face  of  the  sun.  The  two  other  planets 
interior  to  the  earth,  namely,  Jlcrcury  and  Venus,  are  occasionally 
st-en  in  the  act  of  transit ;  and  there  cannot  be  a  Jouht  that  if 
Vulcan  exist,  iL<>  transits  across  the  sun  must  be  more  numerous 
than  those  of  Men-ury,  and  far  more  numerous  than  those  of 
Venus.  On  the  other  hand,  it  may  reasonably  he  :mtict|)aU-d  that 
Vulcan  is  a  small  globe,  and  as  it  will  be  much  more  distant  from 
us  than  even  Mercury  at  tlie  time  of  transit,  we  could  not  expect 
that  the  transit  of  Vulcan  would  be  a  spectacle  at  all  comjtamhle  in 
importance  with  the  transit  of  either  of  the  two  other  i>Ianeta. 

The  question  then  arises,  as  to  whctlicr  teIesco|)ic  research  has 
ever  shown  anything  wliich  can  be  regarded-  as  a  transit  of  Vulcan. 
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On  this  point  it  is  not  possible  to  speak  with  any  degree  of 
certainty.  It  has,  on  more  than  one  occaaion,  been  asserted  by 
observers  that  a  spot  has  been  seen  rapidly  traversing  the  sun,  and 
from  its  shape  and  general  appearanee  they  have  presumed  it  to 
have  been  an  intra- Mercurial  planet.  But  a  close  examination  of 
the  circumstances  under  which  such  observations  have  been  made 
has  not  tended  to  increase  confidence  in  this  presumption.  Such 
discoveries  have  usually  been  made  by  persons  little  familiar  with 
telescopic  observations.  It  is  certainly  a  significant  fact  that, 
notwithstanding  the  diligent  scrutiny  to  which  the  sun  has  been 
exposed  during  the  past  century  by  astronomers  who  have  specially 
devoted  themselves  to  this  branch  of  research,  no  telescopic  dis- 
covery of  Vulcan  has  been  in  this  way  made  by  any  really  expe- 
rienced astronomer.  From  an  examination  of  the  whole  subject,  we 
are  inclined  to  believe  that  there  is  not  at  this  moment  any  reliable 
telescopic  evidence  of  the  transit  of  an  intra-Mcrcurial  planet  over 
the  face  of  the  sun. 

But  there  is  still  another  method  by  which  we  might  reasonably 
hope  to  detect  such  planets  if  they  really  exist.  This  method  is 
one  of  great  rarity,  and  requires  observations  possessing  no  small 
degree  of  skill  and  delicacy.  Its  application  in  only  possible  when 
the  sun  is  obscured  by  a  total  eclipse. 

When  the  moon  is  placed  directly  between  the  earth  and  the 
sun,  the  brightness  of  day  is  temporarily  exchanged  for  the  gloom 
of  night.  If  the  sky  be  free  from  clouds,  the  stars  spring  forth,  and 
can  be  seen  close  up  to  where  the  corona  shows  the  obscured  sun  to 
be  situated.  Kven  if  a  planet  were  quite  close  to  the  sun,  it  would 
be  visible  on  such  an  occasion.  Careful  preparation  is  necessary 
when  it  is  proposed  to  make  a  trial  of  this  kind.  The  danger  to  he 
specially  avoided  is  the  risk  of  confounding  the  planet  with  the 
ordinary  stars,  which  it  will  probably  resemble.  The  late  dis- 
tinguished American  astronomer,  Professor  Watson,  specially  pre- 
pared to  devote  himself  to  this  research  during  the  great  total 
eclipse  in  1S7S.  The  duration  of  this  total  eclipse  was  very  brief; 
it  lasted  only  two  or  three  minutes,  and  all  the  work  had  to  be 
compressed  into  this  very  short  interval.      Professor  Watson  had 
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previously  carefully  studied  the  stara  in  the  neighbourhood  of  the 
Bun.  When  the  ecli]»Be  occurred,  the  lif»ht  o£  the  sun  vanished,  and 
the  stars  burst  forth.  The  practised  eye  of  Professor  Watson  at  once 
identified  the  stars,  of  which  he  had  formed  a  map,  not  merely  on 
paper,  but  also  eng^ravcd  on  his  memory ;  and  among  them  he  saw  an 
object,  which  certainly  Rcemed  to  be  the  long-sought  inter- Mercurial 
planet.  We  should  indeed  add,  that  the  same  observer  seems  to 
have  also  seen  a  second  planet  on  the  same  occasion.  To  a  certain 
extent  Mr.  AVatson's  observation  was  confirmed  by  another  ob- 
server, Jlr.  Swift.  It  is,  however,  right  to  add  that  Vulcan 
has  not  been  ol>sftrve<l,  though  specially  looked  for,  during  the 
eclipses  which  have  occurred  since  1H7S.  We  cannot,  however, 
believe  it  possible  that  so  experienced  an  astronomer  as  Mr.  Watson 
was  mistaken.  He  has  been  one  of  the  most  successful  dis- 
ooverern  of  minor  planets,  and,  not  improbably,  posterity  will 
have  to  admit,  when  the  iuter-Mercriria!  planet  or  planets  faecomt- 
l«tter  known,  that  the  first  reliable  observation  on  this  subject  was 
made  by  Watson. 
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LoMO  and  glorious  is  the  record  of  astronomical  discovery.  The 
discoreriea  of  modem  days  have  succeeded  each  other  with  such 
rapidity,  they  have  so  often  dazzled  our  imaginatioDs  with  their 
brilliancy,  that  wc  are  sometimes  apt  to  think  that  astronomical 
discovery  is  a  purely  modern  product.  Hut  no  error  could  be  more 
fundamentally  wrong.  While  we  appreciate  to  the  utmost  the 
achievements  of  modem  times,  let  us  endeavour  U>  do  justice  tn 
the  labours  of  the  astronomers  of  antiquity. 

And  when  we  speak  of  the  astronomers  nf  antiquity,  let  ns 
understand  clearly  what  is  meant.  AstTOnomy  is  now  growing; 
so  rapidly  that  each  eonfury  witnesses  a,  surpritiin^  advance  ;  each 
generation,  each  decade,  each  year,  has  its  own  rewards  for  those 
diligent  astronomers  by  whom  the  heavens  are  so  careiully  scanned. 
We  must,  however,  project  our  glance  to  a  rcmnto  epoch  in  time 
past,  if  we  would  view  the  memorable  discovery  of  Mercury.  Com- 
pared with  it,  the  discoveries  of  Newton  are  to  he  regarded  as  very 
modem  achievements ;  even  the  enunciation  of  the  C(i|)criiicau 
system  of  the  heavens  is  itself  a  recent  event  in  comparison  with 
the  discovery  of  the  planet  Mercury. 

By  whom  was  this  great  discovery  made?  Let  us  see  if  this 
question  can  be  answered  by  examination  of  astronomical  records. 


MEIiCVUY. 


u> 


At  the  close  of  the  nn-moraWe  life  of  the  great  Copernicus  be  was 
beanl  to  express  his  siiiocre  n-jjret  tliat  his  cjea  liad  never  shown 
bim  the  planet  Mercur)'.     Often  had  be  tried  to  see  this  planet, 
wboee  movement*  were  in  sucb  n  marked  w»y  illustrative  of  the 
great  tbeory  of  tbc  ecli.>«tiul  motions  which  it  was  bis  immortal 
gloty   to    have   eElablishcd ;   but   he   bad   never   been   suoceBsfnl. 
Meicnry  is  not  easily  to  be   seen,  and  it  may  well  have  been 
that  the  vapours  from  the  Vistula  obscured  the  horizon  at  Frauen- 
burg   where  Coperuicu«  dwelt,  iind  that  thus  hts  opportunities  of 
»ee\ag  Mercury  wcro  probahly  even  rarer  than  thoy  ur«  at  oth«r 
places.    But  one  circumstance  is  plain.    The  existence  of  the  planet 
waa  quite  familiar  to  Copcraicos,  and  therefore  we  must  look  to 
some  earlier  epouh  for  its  discovery.     In  the  ««nty  astronomical 
literature  of   the   Middhi   A{re«  we  iind  ovouional    rvfcienccs  to 
tbc  existence  of  this  planet.     Wc  can  trace  observations  of  Mer- 
cury  back   through    the  early  centuries  to  the  conimencenicnt  of 
our  era.     Back  earlier  still  it  can  be  ftdluwed,  until  ut  len{j;tli  we 
com«   on    the    fint    record   of    an    observation   which    has    des- 
cended to  ns,  being  one  made  in  the  year  Ufjg  before  the  Christian 
era.     It  is  not  pretended,  however,  that  this  observation  records 
the  digeovert/  of  the  planet.     It  is  merely  an   observation   of  an 
object  already  well-known,  whib  the  earlier  observations  and  any 
account  of  the  discovery  seem  to  have  totally  i«risbed.     It  does  not 
appear  in  the  l^ast  decree  likely  tliat  tbc  discovery  was  even  tfaeD 
a  recent  one.     It  may  have  been  that  the  planet  was  independently 
4iKoreied  in  two  or  more  localities,  but  all  records  of  snch  discoveries 
are  totally  wanting  ;  and  we  are  iguoniot  alike  of  the  name  of  the 
discoverer,  of  the  nation  to  which  lie  Iwlonged,  and  of  the  epoch  in 
which  his  great  discovery  was  made. 

Although  this  discovery  is  of  such  vast  antiquity,  althooitli  it 
was  made  before  correct  notions  were  entertained  oa  to  the  true 
•yiflcm  of  the  univenw,  and,  it  is  iieodlesM  to  add,  long  before  the 
invention  of  the  telescope,  yet  it  must  not  be  aMomcd  tliat  the 
ditoovcTy  of  Mercury  was  by  any  mcoiiH  a  umple  or  obrious  matt«r. 
"nUa  will  be  tnanifcitt  when  we  tr}-  to  conceive  the  Rianner  in  which 
tlie  discovery  must  have  been  tirat  ocoomjiliHlux). 
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Somi;  prinueval  aetmiomer,  lonf;  familinr  with  th«  tuiavfiiti, 
htd  leumM  to  reco^iei-  tho  varioUB  stars  utd  cuniiti-llliticin*.  Kx- 
pfm-tKe  tiad  itapre«se(l  apon  blm  the  peniiaii«Qce  of  these  objeet* ;  he 
had  twn  that  Siritis  invariably  appeared  at  the  same  seasons  of  the 
year ;  and  be  had  noticed  how  it  was  placed  with  rej^ard  to  Orion 
and  ihc  other  neighbouring  constellations.  In  tho  same  manner 
each  of  tli«  ot]ii-r  bright  stars  was  to  him  a  familiar  objret  always 
to  be  foun*!  in  a  parti<iilar  region  of  the  heavens.  Ho  saw  how  tbe 
bcaTeni,  a«  a  whole,  rose  and  set  in  such  a  way,  that  though  ca<.'h  star 
■ppeued  to  move,  yet  th«  relative  positions  of  tlic  letan  were  in- 
apablv  of  alteration.  No  doubt  this  ancient  astronomer  was  ac- 
quaint«<l  with  Vi'nus;  he  knew-  it  ns  the  evening  rtar;  he  kn«w  it 
as  the  morning  star ;  and  he  was  accustomed  to  regard  Venus  aa  a 
body  which  <M(cillatfd  from  one  side  of  the  ran  to  tbe  other.  We 
can  easily  imjigino  how,  in  the  clear  skiea  of  an  Kivtcni  desert, 
the  disco\'(*ry  of  Jferciiry  was  made.  The  sun  biw  set,  the  brief 
twilight  hiiM  almont  ceased,  when  lo,  near  tliat  part  of  the  horizon 
where  the  glow  of  the  setting  snn  still  illaminatcs  tho  sty,  a  bright 
star  i*  seen.  But  surely,  the  careless  observer  might  say,  there  is 
nothing  wonderful  here.  Is  not  the  whole  heaven  spangled  with 
■tan?  why  xhuiild  there  not  be  a  star  in  this  locality  also?  Bui  the 
])rimieval  luttrouomer  will  not  accept  this  explanation.  He  knows 
that  thertf  i<  no  bright  star  at  this  platie  in  the  hcnvenn.  If  thu 
object  of  his  Httentioit  be  not  a  star,  what  then  can  it  be?  Eager 
to  examine  thi^i  ijucstion,  the  heavens  are  watched  next  uight,  and 
t])ere  again,  higher  up  in  the  heavens,  and  more  brilliant  still,  is 
the  object  seen  the  nighl  before.  Each  successive  night  the 
object  gixiwit  more  Mid  more  brilliant,  until  at  length  it  bcoontos 
a  conspiciiouD  gem.  Perhaps  it  will  rise  still  higher  and  higWr; 
porht[w  it  will  increase  till  it  attains  the  brilliancy  of  Venus  itwlf. 
Sneli  werv  the  surmises  not  improbably  made  by  those  who  first 
watched  this  object ;  but  they  were  not  realised.  After  n  few 
nights  of  exceptional  brilliancy  the  lustre  of  this  myst«rioiis  orb 
declines.  Tlio  planet  again  draws  near  the  horizon  nt  sunset  until  at 
length  it  sets  so  soon  after  the  sun  that  it  has  become  invisible, 
la  it  lost  for  ever?     Years  may  pass  away  before  anothct  good 
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npjjort unity  of  obsennnff  tin-  ubjcct  iiftt-r  eunst^t  Lappi^n^ ;  but  th«n 
Ofpiiii  it  will  b(!  sevn  to  run  through  tbc  Bami-  frcne^  of  clmngM, 
though,  pi>rhaps,  tuid«r  very  differcQt  circumstanci-^.  The  f^cntivt 
livight  above  the  horizon,  and  the  (frvat«st  brilhaucy,  both  vaiy 
cnormouiily.  It  was  Dot  until  aft«r  ]oDg  and  careful  obM-rv:>tioni«  Ii»J 
be«n  uiadu,  that  the  primioval  istroaomcr  could  assure  hinii-i'lf  tJiut 
the  various  appoamnces  could  be  all  attributed  to  a  eiiiglc  body. 
In  the  Eaatem  deserts  the  phenomena  of  sunrise  must  have  been 
nearly  ae  familiar  as  those  of  sunset,  and  in  the  clear  skies,  at 
the  point  where  the  sunbe&aia  were  commenciu)^  to  dawn  above  the 
horizon,  a  bright  starlike  point  might  sometimes  be  perceived.  Each 
Buocossive  day  this  object  rose  higher  and  higher  above  the  horizon 
before  the  moment  of  Rnnritte,  and  ita  lustre  increased  with  the 
distance ;  then  again  it  would  draw  in  towards  the  bud,  and  return 
for  a  while  to  invisibility.  Such  were  the  data  whieh  were  pre- 
sented to  the  mind  of  the  primitive  astronomer.  One  body  waa 
seen  after  sunset,  another  body  vraa  seen  lidore  sunrii<e.  To  ua  it 
may  aeem  an  obviuos  inferenoe  From  tlio  obnerved  faet«,  that  the  two 
bodies  w«rv  identical.  Th»  inforoacu  is  »  correct  one,  but  it  iit  in 
no  sense  an  ohviouH  one.  Lotig  and  pntient  obfervatiou  otablinlied 
the  remarkable  law  tbiit  one  of  th<-ec  boflieo  wim  never  M.-en  until 
the  other  hail  dixit p{>eaTed.  Hence  it  was  inferred  that  the 
phenomena,  Ixith  at  Kunrise  and  at  sunset,  were  due  to  the  tame 
body,  which  oHoilhttcd  to  and  fro  about  the  mn. 

We  can  emtily  imagine  tJiat  the  announcemrnt  of  the  identity 
of  tliese  two  l>odie«  was  one  which  would  have  to  be  earefiilly 
tested  before  it  eould  be  nccopt4>d.  How  arv  the  tcNt«  to  W  a}>plied 
in  a  case  of  thin  kind  ?  There  can  hanlly  Iw  a  doubt  Unit  the  nifist 
complete  and  convincing  demoDVtmiion  of  KcientiHc  truth  i*  foiuul 
in  tJie  fullilment  of  prediction.  When  Mercury  had  been  observed 
for  years,  a  certain  regularity  in  Uie  rw-um-nce  of  iu  viwbility  waa 
noticed.  Onee  tlii*  regularity  luul  been  fully  cetnblijthi'd,  prediction 
became  ]x>9ail>l«.  The  time  when  Mercury  would  be  neen  after 
sunset,  the  time  when  it  would  be  wen  before  Hunrioe,  oould  ht 
foretold  with  accuntey  1  When  it  wma  fouml  tlutt  theee  predictionc 
were  obeyed  to  the  letter — that  the  planet  was  ulwavn  Kren  wfaeo 
J  i 
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looked  for  in  accordance  n-ith  the  predictions — it  was  impossible 
refiiae  ojtaent  to  tlie  hjpotboBia  on  which  th«Be  predictions  wer 
based.     Underhing  that  liypotheaia  was  the  assumption  that 
the  various  ajipi-arances  arose  from  the  oacillations  of  a  single  bodj 
and  benoc  the  discover)*  of  Mercury  was  established  oq  a  basis 
firm  as  the  diicovery  of  Jupit«r  or  of  Venus. 

In  the  latitudes  of  the  British  Islands  it  ia  generally  potwibk* 
see  Mercury  some  time  during  the  course  of  the  year.     It  i*  not 
practicable  to  lay  down,  within  reasonable  limits,  any  gciicnil  rwl 
for  findinfr  the  dat^s  at  which  the  Hcarch  should  be  made ;  but  tl 


'^yo£^ 


ng.  3D The  Muii'iuetil  uf  Mi  t'-.w/ .  hIihaiu^  ibu  vuinticuu  in  lliawi  nnd  in 


Aic  which 
Morcur^fl 
occastoafl 

vat  ion  of" 


student  who  xe  dcti.'nnini.vl  to  »kv  Mcnniry  will  genvrally  succeed ' 
with  a  little  patieucf.     He  mutit  firitt  ooiiHult  an  ulmaiuu:  which 
gives  the  planotary  positions,  and  select  an  occaaiou  when 
is  Ht«t^  to  be  an  evening  or  a  morning  Mtjir.     Such  nn 
during  the  spring  moatlie  is  ntpeciiJly  suitable,  ok  Uio  elovatio 
Dderonry  above  the  horizon  is  usually  greater  then  than  ut  other 
seasons;  and  iu  the  evening  twilight,  about  tbrcc-quart«nt  of  ut] 
hour  after  eunset,  n  view  of   this  shy  Imt  hciiutiful  object  will 
reward  the  observer's  attention. 

To  those  astronomers  who  are  [trovided  with  equatorial  telescope*  ] 
Such  instructions  are  unncvoMary.     To  enjoy  a  telescopic  view 
Mercury,  we  first   turn  to   the   nuutii-ul   ulmanao,  nnd   find 
positioD  IB  which  the  planet  Ues.    If  tlmt  ptmtioii  be  abovo 
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horizon,  we  can  at  once  direct  the  tel««oope  to  the  planet,  and  eren 
in  broad  daylight  the  planet  will  very  often  be  seen.  The  tele- 
scopic ap[)earaQCe  o£  Mercury  ib,  however,  not  unfrequently  dieap* 
pointing.  Though  Mercury  is  really  much  larRer  than  the  moon, 
yet  it  is  so  very  Ear  off  that  its  telescopic  appearance  is  insi^niificant. 
There  is,  however,  one  feature  in  »  telescopic  view  which  would 
immediately  attract  attention.  Meiciiry  is  tlien  seen,  nut  nsaolljr 
as  n  eircular  object,  but  more  or  less  orescent-shaped,  like  a  minia- 
ture moon.     The  phai4-s  of  Mercun*  are  also  to  be  accounted  for 


Fig.  40.~UDn-iiry  u  «  Cr«w<nl. 


on  exactly  the  sune  principles  lu  the  phiiHCK  id  tlie  moon.  Mercury 
is  a  globe  composed,  like  onr  nrth,  of  matcrinU  powmring  in  them- 
selves no  source  of  illumination,  but  one>hnK  of  Mercury  must 
alwayit  I>e  turned  towards  the  nun,  and  thin  half  i»  iivcordingly 
lighted  up  brilliantly  by  the  rayti  of  the  vun.  When  we  look  at 
Mercury  we  see  noUiing  of  the  non-illuminated  side,  and  the 
crescent  is  due  to  the  fon.^ shortened  view  which  we  obtain  of  the 
illuminated  half.  Mereury  is  such  a  unalt  object  that,  in  the 
glitter  of  the  naked-eye  view,  tlw  tiap'r  of  the  lumimMu  body 
cannot  be  defined.  Indeed,  even  in  tlic  much  larger  crescent  of 
Venus,  the  aid  of  the  telescope  lias  lo  be  invoked  before  the  creitcenl 
form  can  be  observed.  Beyond,  however,  the  fact  that  Mercury  is 
a  crescent,  and  that  it  undergoes  voj^'ing  {Jwses  in  correspondence 
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with  t1i«  chatigoa  in  its  relative  position  to  the  earth  and  thu  vtiii, 
we  canuot  see  much  of  the  planet.  It  la  too  Mnnll  ami  too  bright 
to  admit  of  the  delineation  of  details  on  its  slu-Fmc.  No  doubt 
attempts  have  Ijeeii  made,  and  observations  have  been  n-c'ordetf  n*  to 
certain  phyaioal  featnres  on  the  planet-  It  has  Wcu  :tiippu!<«d  thai 
traces  of  mighty  mountains  have  been  seen,  and  that  the  existenw 
of  an  atmosphere  surrounding  the  planet  haa  Iwou  indicale<l.  But 
»uoh  statements  must  be  received  with  very  frrent  hesitation,  if  not 
with  actual  discredit,  and  bejrond  this  mere  olltuion  tlicy  aeod  Dot 
further  engngo  our  attention. 

The  faiits  lliat  are  thoroughlj'  establiehed  with  regmid  to 
Men'iir_v  ai-e  mainly  the  numerical  statements  with  r^ard  to  the 
path  it  describes  around  the  sun.  The  time  taken  by  the  planet  to 
complete  a  revolution  is  very  nearly  eighty-eight  day*.  The 
aver»g:e  distance  from  the  sun  is  about  36,tJUU,0U()  mili'»,  and  the 
averse  velocity  with  which  the  jilanet  moves  is  over  twi-iity-nitie 
miles  a  second.  We  have  already  alluded  to  the  most  cbaraictenalio 
and  remarkable  feature  of  the  orbit  of  Mercuiy,  That  orbit  differs 
from  the  yntiut  of  all  the  other  lai^t-  pInnetN  by  its  much  ^^reater 
departure  from  the  circular  form.  In  the  majority  of  cases  the 
plaiietiiry  orbits  are  i<o  little  elliptic  that  a  dingram  of  the  orbit 
dniwn  accurately  to  scale  would  not  be  pcrceiveti  to  differ  fmnt  a 
cirelc  unless  careful  mcBMirt-P  were  mwle.  In  the  cas*  of  Mercury 
the  cireitmsta rices  arv  different.  The  elliptic  form  of  the  path 
wouUl  be  quite  uumidtAkciible  by  the  moid  ca«ual  observer.  The 
dtetHuC4'  from  the  nun  U>  the  plauct  fini-luatcs  between  very  con- 
aiderablc  limilM.  Tlie  lowevt  value  it  can  attain  in  about  30,00(1,000 
miles ;  tlic  hi^^lieitt  value  i«  about  43,000,000  miles.  In  acconlanoe 
with  KepU'r'«  second  law,  the  velocity  of  the  pluiict  must  exhibit 
corretipoiiiliiilj  cbangei'.  It  munt  Kwcep  rapidly  nrontid  tliat  |«rt  of 
hie  i>alb  near  thy  nun,  and  morn  slowly  round  the  remote  parta  of 
his  path.  The  frrratest  velocity  i«  about  thirty-five  miles  a  secoud, 
and  the  leaKt  in  twcnty-thrci'  niilcM  a  second. 

For  an  adeijuttte  penx'ption  of  the  movements  of  Mercury,  we 
aught  not  to  diKSM-iate  the  magnitude  of  the  velocity  from  the  vast 
dinicnsiouM  of  the  body  by  which  that  velocity  is  perfomted.     No 
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doubt  ft  velocity  of  twenty-nine  mites  in  a  bccod<1  is  euortnoosly 
great  when  compared  witli  ontinaiy  velocities.  The  velocity  of 
Mercury  is  not  less  than  ahaudredtimes  aa  gireat  as  the  velocity  of 
the  rifle-bullet.  But  when  we  compare  tbe  sizes  of  the  bodies  with 
their  velocities  the  velocity  of  Mercury  seems  relatively  much  less 
than  that  of  tbe  bullet.  A  rifle-btillet  traverses  a  distance  equal 
to  its  own  di«ni«tvr  many  thousands  of  times  in  a  second.  But 
even  though  Mercury  is  moving;  so  much  faster,  yvt  the  diamet«r  of 
the  planet  is  so  considerable  that  a  period  of  two  minutes  will  be 
required  for  it  to  move  tjirough  a  space  equid  to  its  diameter. 
Vicwiof;  the  ijlobe  of  the  planet  its  u  whole,  the  velocity  of  ttn 
movcDicnt  is  but  a  stately  and  difpiificd  pmgrcss  appn)print«  to 
its  dimcnRtons. 

Ax  we  can  Icaro  lilllcor  nothing  of  th«  tnie  Rurfun^  of  Morcury, 
it  is  utterly  impossible  for  uh  to  ray  wliethur  lifo  can  exist  on  the 
surfnco  of  that  planot.  We  may,  however,  not  unn.'ai'onably 
conclude  that  tltore  can  liardly  be  life  on  Mercury  at  all  nQalogouM 
to  the  life  which  we  know  on  the  earth.  The  heat  and  the  light  of 
the  sun  hiwt  down  on  Mcreur}'  with  an  inl'-iioity  many-fold  groator 
than  we  exi>cricncc  on  tliu  earth.  When  Mercury  ii  at  its  longect 
distanco  from  Uie  nin,  tlitt  int«n)iity  of  solar  heat  is  even  tbcD  more 
Utan  four  times  as  great  as  th«  greatart  ticat  which  ever  roiches  the 
eartli.  But  when  Merenry,  in  the  eounio  of  if*  remarkable  clmngeii 
of  diKtance,  draws  iti  to  the  wannest  part  of  its  orbit,  it  is  exposed  to 
an  appalling  scorching.  The  intensity  of  the  sun's  heat  must  then 
be  not  less  than  nine  times  ugmtaatlw  greatest  radiation  to  which 
we  are  exjiotted.  Thctte  cliangea  succeed  each  other  much  more 
rapidly  than  the  variations  of  our  seasons.  On  Mercury  the  interval 
l)etwecn  midsummer  to  midwinter  is  only  forty-four  days,  while  the 
whole  year  is  only  eighty-eight  days.  These  rapid  and  tremendous 
changes  in  solar  heat  must  iu  tbemselves  exercise  a  profound  effect 
on  the  liabitubility  of  Merrury.  Mr.  Ledger  well  remarks,  in  bis 
must  intcre-stiiig  work,*  that  it  there  be  inhabitants  on  Mercury  the 
words  "  perihelion  "  and  "  aphelion,"  whith  are  here  often  regarded 
OS  expressing  ideas  of  an  intricate  or  recondite  character,  must,  on  tlic 
*   ''TfaaSan;  it*  lnuwt^  Koi  Uurii SataOilM."    LcoukiB:  18S2  (p»g»  MT). 
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mrfac^  of  that  pUn«t,  be  familuu- to  ererj^lxxly.  TSe  vords  i: 
"near  th«  bud," and  "iin-ay  from  the  nan;"  l>ut  wedonot  ftsaocbitc 
tlicw  expressions  with  any  olivious  phenomena,  bccauM  the  cbangr* 
in  the  distanw  from  thv  earth  to  the  *un  arc  »o  inconsidcnhle. 
But  in  Mervuf}-,  whiTc  in  mix  week*  the  nun  ritec  to  more  than 
double  his  apparent  size,  and  gives  more  than  doubtt-  the  qnatility 
of  liffht  and  of  beat,  sui'h  etuingo*  must  1>e  familiar  to  evuryoDv. 
Perihelion  and  aphelion  will  embody  tdeofi  obviouwly  aitd  inftmateli^ 
ooniH-cbcd  with  the  whole  wunoniy  of  tl>e  planet.  ^H 

It  is  nercrlhcleM  rush  to  found  any  inferences  t»  to  climat* 
merely  upon  the  proximitj*  or  the  remoteness  of  the  «un.  Climate 
depends  upon  other  mattt-rs  besides  11k  sun's  dii'lance.  The 
atnio«phere  surrounding  the  mrtb  has  a  profound  influence  on  our 
dimate,  and  if  Mercury  have  an  atmosphere — as  has  often 
cuppoeed— its  elJmate  may  be  thereby  modified  to  an  enormous  extentT 
It  seems,  however,  hardly  possible  to  suppose  that  any  atmosphere 
eould  form  an  adeigiiate  protection  for  the  inhabitants  from  the 
Tiolcnt  and  cnormouB  fluctuations  of  solar  radiation.  All  we  can 
ny  is,  that  the  jiroblem  of  life  in  Mercury  belong  to  the  class  of 
Qoaolved,  and  perhaps  unsolvable,  myeteriea. 

It  was  in  the  year  1 1)37  that  Kepler  made  an  important  annoancv- 
meot  of  impending^  astronomical  events.  Kepler  had  been  study* 
in^  profoundly  the  movements  of  the  p1:ine1s.  lie  had  cxaminc4 
the  former  observations  which  bad  been  made  ;  and  from  liix  study 
of  tile  put  be  had  ventimd  to  predict  the  future.  Kepler  announced 
tlwt  in  the  year  11^31  the  planets  Venus  and  Mercury  wonld  both 
make  a  transit  across  the  sun,  and  he  assi|;ncd  the  dates  to  be 
Kovember  7th  for  Mercury,  and  December  fith  for  Venna.  This 
was  at  the  time  a  wry  reinitrkable  [irodictioii.  Wo  arc  so  ac- 
eastomod  to  tuni  to  our  almanacs  and  learn  from  thence  all  tlit> 
Mtronomieol  pheiionieiui  which  are  anticipatt<<l  dtinn^  the  year, 
that  we  are  apt  to  for|^l  that  in  early  times  this  wa«  impossibli'. 
It  has  only  bi^'D  hy  sIom-  <h-^rces  that  astronomy  has  been  rcndere<l 
•0  perfect  iih  to  enatile  us  to  predict,  with  accuracy,  the  occurrence 
of  the  morL>  delicato  phenomena,  Tlie  announcement  of  tbo«ie 
traniits  by  Kcplvr,  aome  years  before  they  occnned,  was  justly 
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regardod  nt  tiw  time  ae  a  most  renuirkablo  achiev^niEnt.  The 
illustriouit  (iiMi>ic-ndi  proparcd  to  a)>|ily  Uie  t«Et  ot  actual  obei-n'iition 
to  the  [ircdictions  of  Koplcr.  Wi-  can  now  indicate  the  time  ei 
the  trnntit  uceunitcly  to  n  few  minutes,  but  in  those  early  nttenipta 
equal  jirceixioii  was  not  to  hu  thoiigiht  of.  Gaseendi  considered  it 
□ece»aary  to  commence  wittcliing  for  the  transit  of  Mercury  two 
whole  (UyH  before  the  time  indicatotl  by  Kepler,  and  ho  had 
arranged  a  most  ingenious  plan  for  studying  the  trnnsit.  Tlie 
light  of  ihc  stin  wae  admitted  tnlo  a  darkened  room  through  a  hole 
in  the  shutter,  and  by  a  lens  an  imagi-  of  the  sun  was  formwl  on  ■ 
white  screen.  This  ie,  indeed,  an  admirable  and  a  very  pleasing 
way  of  studying  the  surface  of  the  sun,  and  even  at  the  present 
day,  with  our  best  telescopes,  one  of  the  best-known  methods 
of  viewing  the  son  is  founded  on  the  same  principle.  Ga^sendi 
comracnced  his  watch  on  the  5th  of  November,  and  carefully  studied 
the  sun's  image  at  every  available  opportunity.  It  nae  not,  how- 
ever, until  five  hours  after  the  time  assigned  by  Kepler  that  the 
transit  of  Mercury  actually  commenced.  Gasaeodi'e  prvpamtions 
had  been  made  with  all  the  reeourccs  which  be  could  command, 
but  these  resources  seem  very  imjwrfect  when  compared  with  the 
appliances  of  our  modem  observatories.  lie  was  anxious  to  note 
the  time  when  the  planet  appeared,  and  for  this  purpose  he  bad 
stationed  an  assistant  in  the  room  beneath,  who  was  to  observe  the 
altitude  of  the  sun  at  the  moment  indicatetl  by  Gassendi.  The 
xigiial  to  the  assistant  was  to  bo  conveyed  by  a  very  primitive 
np|iaratUB.  Gassendi  vras  to  stamp  on  the  floor  when  the  critical 
moment  had  arrived.  In  spile  of  the  long  delay,  which  exhausted 
the  patience  of  the  assistant,  some  valuable  observations  were 
obtained,  and  thus  the  lirst  transit  of  a  planet  over  the  sun  was 
obsorved. 

The  transits  of  Meroury  are  chiefly  of  importance  on  aocount  of 
the  accuracy  which  tlioir  observation  infuses  into  our  calculations  of 
tlie  movements  of  the  {ilnnet.  It  lina  often  been  ho[H>d  tlmt  the 
observations  during  a  transit  would  preM-nt  to  us  reliAble  informa- 
tion as  to  the  physical  character  of  I  hr  globe  of  Mercury.  To  some 
extent^ — but  n<A,  tinhappily,  to  any  Inigc  extent — these  hope*  bsv« 
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been  realised.  Skilful  obserrerB  have  described  the  appeamnoe  of 
the  planet  in  transit  as  that  of  a  round,  dark  spot,  surrounded  bj  a 
lominoos  margin  of  a  depth  varioosly  estimated  on  different  occa- 
sions at  from  one-third  to  two-thirds  of  the  planet's  diameter. 
There  can  be  hardly  a  doubt  that  a  dense  atmosphere  surrounding 
Hercury  would  be  capable  of  producing  an  appearance  resembling 
that  which  has  been  described,  and,  therefore,  the  probability  that 
snch  an  atmosphere  really  exists  must  be  admitted.  On  the  other 
band,  the  measurements  of  the  intensity  of  light  from  Mercniy 
seem  to  make  the  existence  of  an  atmosphere  somewhat  doubtful. 

Here  we  take  leave  of  the  planet  Mercury — an  interesting  and 
beautiful  object  which  stimulates  our  intellectual  curiosity,  while 
at  the  same  time  eluding  all  our  attempts  to  obtain  more  complete 
knowledge.  There  is,  however,  one  point  of  attainable  knowledge 
which  we  have  not  touched  on  in  this  chapter.  It  is  a  difficult, 
but  not  by  any  means  an  impossible  task  to  weigh  Mercury  in 
the  celestial  balance,  and  determine  his  mass  in  comparison  with 
the  other  globes  of  our  systeni.  This  is  a  delicate  operation,  but 
it  leads  us  through  some  of  the  most  interesting  paths  of  astro- 
nomical discovery.  The  weight  of  the  planet,  as  recently  deter- 
minctl  by  Von  Asten,  is  about  one- twenty- fourth  part  of  the  weight 
of  the  earth. 
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Inlmvl  aLUohinri  In'lliin  rUiint— Th*  I'ncxpoctfdneM  of  lia  Apfoamnev — Tlw 
KviinlfiK  SUr-Viiibilily  in  Dajlight  -  Uoly  l.i)(hl-<l  bjr  the  Sud— Tho  I^oMa 
iif  Voiiiw— Why  Uiu  (.'ri'ttenl  ii  nol  Viiiblf  t»  tlir  riuiijixl  V.jv — Vari«ltaH  In 
Ihc  Apgianrnt  Sir>>  of  Ura  I'liuict—lhiuiniliUncn  of  V<-nu>  tn  thn  l^irth— llic 
Tniiuic  <il  VoDuit-'Why  of  •ooh  «>ipcicial  Interest— Tbo  Hcaie  of  Ihu  HoUr 
t^yMoin— Orbiu  cf  the  i'iaiix  find  VnmniMit  tn  (liu«ni«  Flniiu— ICts:iimaii«<i( 
tho  TnuMJU  in  I'liira — AppMnnM  of  Vmu*  I>  Ttu>*lt — TniDUt<  ut  1874  *ni 
1881— Tho  Early  Tnmtits  of  1681  aDil  1039— Tbn  Olwmtiaiu  ut  HunTH<ki 
anil  Ctubtw*— Tho  Aruiountaannnt  of  Halky- How  the  Tiw-k  of  tti"  IlHiat 
ilifftr*  (rum  ilifFvmit  plnfoi — tUiutrntioiu  of  I'Hnillsi  — Vuyafcn  lo  Otahcito— 
ThK  riMulI  of  Knekr — I'mbablc  Value  of  tbe]fSan*i  Dlntano* — Obi«Tvatioiu  of 
tho  recent  Tniniit  otV'nui  at  Duaunk — llin  QuMtioa  of  ua  AtmoiplMM  l« 
VonuK-Dr.  CopobmJ'j  Ob<HTvaIion&— Utility  of  »urh  KocanhM— Othw  De- 
tOTminationa  of  tbo  Son**  Udacca — Slutlalii!*  nliout  V«niu. 

It  mii^ht,  for  one  reuon,  be  not  inappropriate  to  have  commenced 
our  n-vicw  of  tlie  plnaetnry  system  by  the  deecription  ot  the 
planet  ^'l■llu».  This  planet  is  not  especially  remarlnble  for  its  size, 
for  tlicre  are  other  planets  hundreds  of  times  Ur^r.  The  orbit 
of  Venus  i»  no  doubt  larger  than  that  of  Mercury,  but  it  is  much 
Bmnller  than  that  of  the  outer  ]>lanetft.  A^nua  Ims  not  even  the 
•plcndid  retinue  of  minor  attendants  which  give  such  dignity  and 
such  interest  to  tho  mighty  planets  of  our  system.  Yet  tho  fact 
still  remains  that  Venus  is  peerless  among  the  planetary  host.  We 
speak  not  now  of  spectacles  only  seen  in  the  telescope,  we  refer  to 
the  ordinary  observation  ivhioh  detected  Venus  ages  before  teli»- 
•copes  were  invented.  Who  has  not  been  delighted  with  the  view  of 
this  glorious  object  ?  It  is  not  to  bo  seen  at  all  times.  For  months 
together  the  beauties  of  Venus  are  hidden  from  mortal  gaxe.  Its 
beauties  are  even  enhanced  by  the  caprice  and  tho  uncertsioty  that 
ftttemls  its  appeai-unce.  Wv  do  not  say  that  there  is  any  caprice  in 
tlte  movements  of  Venus,  as  known  to  those  who  diligently  consult 
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their  alinuQiu-s.  Tlic  raoTemonts  of  the  lovely  planet  are  thtrrc 
pwscribcd  with  a  prosaic  detail  Wdly  in  coimpon<lCDC«  with  the 
character  of  the  RotUeas  of  love.  But  to  those  who  do  not 
di-voti''  particular  attention  to  the  stan:,  the  very  unox|>oct<'<tne(w 
of  the  appearance  of  Venus  ib  one  of  xXs  \fj^BXv6i  charmt.  V'vnus 
has  not  been  noticed,  not  been  thought  of,  for  many  month*.  It 
is  t  beautiful  spring  evening;  the  eun  has  just  set.  The  lorcr  of 
nature  turns  to  admii'e  the  suueet,  as  every  lover  of  natun>  will.  In 
the  goldeu  glory  of  the  west  a  Leauleous  gem  is  seen  to  glitter ;  it 
is  the  evening  star — the  planet  Venus.  A  week  or  two  later 
another  beautiful  sunset  is  eeeu,  and  now  the  planet  i«  no  longvr 
merely  a  glittering  point  low  down  ;  it  has  risen  high  above  tbu 
honzon,  and  continues  a  brilliant  object  long  after  the  shndee 
of  night  have  descended.  Again,  a  little  longer,  and  Venus  has 
gained  its  full  brilliancy  and  splendour.  All  the  heavenly  host — 
even  Sirius  and  even  Jupiter — muitt  pale  before  the  splendid  lustre 
of  Venus,  the  unrivalled  (jucen  nf  the  rirmaint^nt. 

After  weeks  of  splendour  the  height  of  Vcnna  at  sunset 
diminiHheo,  and  its  lustre  begins  gradually  to  deelinc.  It  sinks  to 
invisibility,  and  is  foigotton  by  the  givat  iiiajorily  of  mankind  ; 
hut  the  cnprieioHs  goddeex  has  only  movasl  from  the  west  to  the 
east,  Kn:  the  sun  rises  the  morning  star  will  be  seen  in  the  east, 
Ita  splendiiur  gnwlunlly  augments  until  it  rivals  the  beauty  of  the 
evening  star.  Tlivn  again  tlic  jilanet  dniw*  ocur  to  tlie  sun,  and 
reniain»i  loot  to  view  for  many  month*,  until  the  name  ejcle  of 
dtangex  reconiriu-nees,  after  an  interval  of  a  year  and  seven 
months. 

WheJi  Venus  is  at  ita  brighteft,  it  can  be  easily  seen  in  brood 
daylight  with  the  unaided  eye.  -This  striking  spectacle  proclaims 
in  ao  uamistAkable  manner  the  unrivalled  supremacy  of  Venus  as 
eonpued  with  the  other  planets  and  with  the  Hxed  stars.  In- 
deed, at  this  time  Venus  is  from  forty  to  sixty  timeo  an  bright  as 
the  briglitesi  star  in  the  northern  heavens. 

The  beautiful  evening  star  is  nften  such  a  very  brilliant  object^ 
lliat  it  may  acem  diSicult  at  first  to  realise  that  Venus  is  not 
seIf>luniinous.     Vet  it  is  impossible  to  doubt  that  the  planet  is 
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rcnlly  only  ii  (Urk  globe,  and  to  that  cxk-nt  n^cmbling  our  own 
mrlli.  The  brilliancy  oE  th«  pUinct  is  not  so  very  much  (rrvntcr  Ukun 
tbc  brilliancy  of  the  earth  on  a  snnshlny  day,  and  tlw  ejilondour 
of  VenuK  entirely  aniit's  from  the  retlcctod  light  of  tliu  gun,  in  the 
manner  already  explained  with  respect  to  the  mooo. 

Wc  cannot,  however,  <Iii>tinguish  the  beautifal  crcsoent  shajie  of 
tlic  planet  by  the  nnaidod  eye,  which  merely  shows  a  brilliant  point 
too  small  to  possess  sensible  form.  This  is  to  be  csjiluinetl  on 
physiological  grounds.  The  optical  contrivances  in  the  eye  form 
an  iinngv  of  the  planet  on  the  retina ;  this  imago  is  very  small. 
Even  when  Venus  is  nearest  to  the  earth,  the  diameter  of  the  planet 
subtends  an  angle  not  much  more  than  one  minute  of  arc.  On  thv 
retina  of  the  eye  a  picture  of  N'enus  is  thua  draom  about  one  »ix- 
thuuvandth  part  of  an  inch  in  diameter.  Great  us  may  be  the 
delicacy  of  the  retina,  it  is  not  adequate  to  the  perception  of 
form  in  a  picture  so  minute.  The  ncrvmu  slnictiire,  whieh  lua 
been  describcl  iis  the  source  of  vision,  forms  too  coane  a  vunvoa  for 
the  reception  of  the  details  of  this  tiny  picture.  Heitce  it  is  tliat 
to  the  unaided  eye  the  brilliant  Venus  appeare  merely  as  a  bright 
spot.  The  unaided  eye  cannot  tell  what  shape  it  has  ;  rtill  less  can 
it  reveal  the  true  beauty  o£  the  crescent.  If  the  diameter  of  Venus 
were  M'veral  times  as  great  as  it  actually  is ;  were  Venus,  for 
instance,  as  huge  as  Jupiter  or  some  of  the  other  great  planetK, 
then  its  crescent  could  be  readily  disoemed  by  the  nnikidcil  eye.  It 
is  curious  to  speculate  on  what  might  have  Wen  the  history  of 
astronomy  hod  Venus  only  been  as  brge  as  Jupiter.  Were  every 
one  able  to  see  the  crescent  form  witJiout  a  telescope,  it  would  then 
have  been  an  elementary  and  almost  obvious  truth  that  Venus  w«s 
a  dark  b'xly  revolving  round  the  sun.  The  analogy  between  Venus 
and  our  earth  would  have  been  at  once  perceived ;  and  the  great 
theory  which  was  left  to  be  di»coven^  by  Coi>en)icuH  in  comjNkrn- 
tivcly  modern  times,  might  not  improbably  have  been  handed  down 
to  us  with  the  other  discoveries  whieh  have  come  from  the  ancient 
nations  of  the  Kost. 

In  Fig.  11  wo  have  three  views  of  Veuus  under  different  aspceta. 
Hm]  planet  is  so  much  closer  to  the  earth  when  the  orescent  is  non. 
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tlmt  il  H|i|>ciin;  to  ht  pitrt  of  n  much  larger  circle  tliuii  that  mnde 
I>y  ^'elltl>l  nrlicn  more  nourly  full.  This  ilntwing  iiliow^  tbc  ilifFKi-eut 
iLnpeotii  nf  the  planet  in  t3ieir  trun  reliitive  proportionx.  It  is  very 
ilidii-ult  to  |>croeivc  distinotly  itny  niHrkin^  on  the  excessively 
lirilliant  xurfkcv.  SomctimeM  oliscriiTH  hiivii  hcku  Kpots  or  other 
features,  ami  oenunonolly  the  pointwl  t.>xtTeinitie«  of  the  bonis 
have  been  irrt'^uhtr,  tut  if  to  ithow  tlint  the  surface  of  Venus  ts 
not  imooth.     Att4-mpt«  have  even  been  miule  to  prove  frrira  such 


£^  41.— Diflcrcnt  Aipcrt*  of  Venn*  in  the  T«In«opc. 


observations  that  there  mii§t  be  lofty  mountains  in  Venus,  but  we 
(«ttnot  place  touch  conliilencc  in  the  results. 

It  00  bapfwns  that  our  i-arth  ani]  Venus  are  very  nearly  eqaat 
in  bulk.  The  ilifTcrenoe  w  hanlly  piTC-eptible,  but  the  earth  has 
diameter  ii  fvw  niiU^e  [greater  than  that  of  ^'enue.  It  in  almoet' 
equally  remarkable  that  the  time  of  rotation  of  Venus  on  it»  axis 
neeniJi  to  be  very  ncnrly  e([ual  to  the  time  of  rotation  of  tJie  earth 
nil  it«  axiii.  The  earth  rotates  onee  in  a  ilay,  and  Venus  in  alioiit 
half  an  hour  Irs*  than  one  of  our  (lays.  Then-  are  alfo  imlieations 
of  the  cxictenco  of  an  ntmoKphere  around  Venus,  but  we  have  no 
means  of  knowing  at  pre:<ent  wliat  the  gia«»  may  bo  of  whi<-b  thi 
atmoapbere  is  composed. 

If  there  be  oxy^n  in  the  «tfflo«X)here  of  Venus,  tbed  it  would 
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■eem  poaatblf  that  t1i««  mj^ht  be  life  on  VrniiH  n-liidi  wax  not  of  a 
very  difEvrcnt  chornctvr  from  lift-  on  tho  vartii.  No  iluulit  tliv  min'x 
hc&t  on  Veniu  Ui  greatly  in  exoms  oE  the  Kun'it  lioat  with  which  wn 
ore  iu>qiiiiinttHl,  but  this  U  a  difficulty  not  iTi>iu])»rable.  Wo  see  at 
jirt'«irnt  on  the  earth,  life  in  very  hot  ri,'^otiii  and  lift'  in  veiy  eold 
re^ionH.  Indeed,  an  we  go  into  the  tropica  we  Gad  hfe  morn  luid 
more  exuberant,  so  that  should  w&ter  be  present  »Q  the  Hurface  of 
Venus  and  oxygon  in  its  atmosphere,  we  might  «iH.'ct  to  find 
in  that  planet  a  luxuriant  tropical  life,  of  a  kind  perhaps  analogous 
ID  some  respects  to  life  on  the  earth. 

In  our  account  of  the  planet  Mercuiy,  as  well  as  in  our  brieE 
description  of  the  hypothetical  planet  Vulnui,  it  has  been  necessary 
to  allude  to  the  phenomemi  presented  by  the  transit  of  a  planet  over 
the  face  oE  the  sun.  This  phenomenon,  always  of  interest  and 
always  meriting  the  attention  of  astronomers,  is  eajjeeially  notice- 
able in  the  case  of  Venus.  The  transit  of  Venus  rises  in  fact,  to, 
an  importance  hardly  surpassed  by  any  other  phenomenon  ia  oor 
system,  and  heni'e  it  will  necessarily  engage  our  attention  in  tho 
present  chapter.  We  have  in  reoent  ymrs  liitd  the  opportunity  of 
witnesiting  two  of  these  rare  occurrences.  No  future  tmnirit  ran 
occur  till  nft4-r  thiii  generation  shall  have  iKUi»ed  away;  not, 
indeed,  until  the  Juneof  a.d.  2004.  It  is  hardly  too  roueh  tounrt 
that  the  recent  transit  of  1882  and  the  previous  one  of  187 -l  have 
received  a  degree  of  attention  never  before  accorded  to  any  astro- 
noroical  phenomenon. 

The  transit  of  Venus  is  hardly  to  be  described  as  a  very  striking 
or  beautiful  apect«cle.  It  ia  not  nearly  so  fme  a  sight  as  a  great 
comet  or  a  shower  of  shooting  stars.  Why  is  it,  then,  that  the 
transit  of  Venus  is  regarded  as  of  such  great  sdentiric  importance? 
It  tfl  because  the  transit  enables  as  to  solve  one  of  the  grcnU-et 
problems  which  has  ever  engaged  the  mind  of  man.  It  is  by  the 
transit  of  Venus  that  we  attempt  to  determine  the  scale  on  which 
our  solar  system  is  oonstruoted.  Truly  this  is  a  noble  problem. 
Let  us  dwell  upon  it  for  a  moment.  In  the  centre  of  our 
system  we  have  the  snn — a  majestic  g1o1>e  more  titan  a  milliou 
times  as  large  aa   the  earth.      Circling  round   the   sun   m* 
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the  pUnets,  of  ivliicli  our  mrtk  is  but  ono.  Tliciv  are  Imiwlrcds 
small  plitnrtx.  Thcrv  are  n  few  oominrablc  with  ourMrUij  th< 
are  «Uiera  %-aetly  suTpn»«iig  the  earth.  Beside*  th«  |>lanet«  ther* 
are  othi^r  bodiiw  iu  our  eystcm.  Many  of  tlie  planet*  am  oeootn- 
panied  by  e^'stcms  of  revolving  moons.  Then;  are  hu]ulrc<ts,  per- 
haps tboueands,  of  comets,  wbilc  the  minor  bodies  of  our  system 
exist  in  cuuntlras  inilliuns.  Lucb  member  of  this  stupcndoux  host 
moves  in  a  prescribed  orbit  iiroimd  the  sun,  and  coUectiveJy  tliu/ 
form  the  solar  8yBt«m. 

It  is  comparatively  easy  to  learn  the  »Aaft  of  this  system,  to 
measure  the  relative  dietttnces  of  the  planots  from  the  sun,  and  ovea 
the  relative  sizes  of  the  planets  themselvoti.  Peculiar  difTicultiea 
are,  however,  expcrienccil  when  wo  seek  to  ascertain  the  actual  «i;« 
oE  the  eystem,  as  well  as  its  sliu]>e.  It  is  this  hitter  quetrtion  whidi 
tlie  transit  of  Venus  enables  us  to  solve.  ^H 

Look,  for  instance,  at  an  ordinary  map  of  Eurojie.     We  eeu  tlie  ^^ 
various  countries  lai^l  down  with  precision  ;  we  can  tell  the  ooureee       , 
<£  the  rivers;  we  can  say  that  I''rauce  is  lui^er  than  En^land,^! 
and  Russia  Itir^-r  thau  France ;  but  no  matter  how  perfectly  the 
map  may  be  constnicted,  something  else  is  necessary  before  we  cui 
have  a  complete  conception  of  the  dimensions  of  the  country.     Wa  ! 
must  know  tie  icale  on  whUh  lie  map  i«  drawn.     The  map  containa 
a  reference  lino  with  certain  marks  upon  it.     This  line  is  to  give 
tbe  scale  of  the  map.     Its  duty  is  to  tell  us  that  nu  inch  on  the 
map   corresponds   with    so    many   miles    on    the  actual    surface. 
Without  being  supplemented  by  the  scale,  the  map  would  for  many 
purposes  be  quite  useless.     Suppose  tbnt  we  consulted  a  map  in 
order  to  choose  a  route  from  London  to  Vienna,  the  map  at  unce 
points  out  the  direction  to  be  taken  and  the  various  towns  and 
countries  to  be  tTnversod  ;  but  unless  we  consult  the  little  scale  in 
the  comer,  the  map  will  not  tell  how  many  mik^s  long  the  jouiaejr 
IB  to  be. 

A  map  of  the  solar  system  can  be  readily  constructed.  We  oan 
draw  on  it  the  orbits  of  some  of  the  planets  and  of  their  satellttea, 
and  we  can  include  many  of  tlic  comets.  Wo  can  give  to  the  sun 
and  to  tbe  planets  tlicir  proiwr  bulk.     But  to  render  the  map  quite 
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elBii'ent  something  more  is  newiRary.  We  must  Itave  llic  scale 
which  is  to  tell  ur  bow  maay  millions  of  miles  on  the  liravciis 
will  correspond  to  one  inch  of  the  map.  It  is  at  thiti  point  we 
sncoanter  a  didiciilty.  It  is  comparatively  easy  to  have  all  the 
relative  sizes  of  the  orbits  of  the  different  bodies  correct — very 
simple  observations  suffice  for  this  purpose — but  it  is  not  at  all 
easy  to  assiip),  with  aocuraey,  the  correct  scale  of  the  celestial 
niup.  There  are,  however,  several  ways  of  solving  the  problem, 
though  they  are  all  difficult  and  laborious.  The  most  celebrated 
method  is  that  prmented  on  an  occasion  of  the  transit  of  Venus. 
Herein,  then,  lies  the  importance  of  tlie  transit  of  Venus.  It  ia 
oaif  of  the  best  known  means  of  finding  the  actual  scale  on  whicfa 
our  system  is  constructed.  Observe  the  full  importance  of  the 
]irublcm.  Once  the  transit  of  Venus  has  ^ven  us  the  scale,  tlien 
■11  i«  known.  We  know  the  size  of  the  sun;  we  know  bis  distance; 
vc  know  the  bulk  of  Jupiter,  and  (he  distances  at  which  his 
witcllite*  revulvo;  wo  know  the  dimensions  of  the  comets,  and  the 
number  of  miles  to  which  they  recede  in  their  wiiiidering*;  we 
know  the  velocity  of  ihe  shooting  stars;  and  we  learn  the  important 
Inson  tbot  our  earth  is  but  one  of  the  minor  tnembcrs  of  the  sun's 
majestic  family. 

As  the  path  of  Venus  lies  inside  that  of  the  earth,  and  as  Venus 
mores  more  quickly  than  tlie  earth,  it  fullows  that  the  earth  is 
frequently  jiassed  by  Venus,  and  just  at  the  moment  of  piuwin^  it 
will  sometimes  happen  that  the  earth,  the  planet,  and  the  ifun  lie 
in  the  sime  straif^ht  line.  We  can  then  sec  Venus  on  the  fam  oF 
the  sun,  and  this  is  the  phenomenon  wliicb  we  call  the  transit  of 
Venus.  It  is,  indciwl,  quite  plain  that  if  the  three  bodies  were 
exactly  io  a  line,  an  observer  on  tbc  nrtli,  looking  at  i}w  planet, 
will  see  it  brought  out  vividly  against  the  brilliant  background 
of  the  »UM. 

Considering  that  the  earth  is  orcrUkii)  by  Venna  once  every 
nineteen  mouthn,  it  might  be  tliought  tliat  the  transits  of  Veuoa 
should  occur  with  currevpouding  frequency.  This  is  not  the  coMtj 
the  transit  of  Venus  is  an  exeeedingty  rare  occurrence,  and  a  hun> 
dred  years  or  mure  will  often  elapse  without  a  single  tnueit  taking 
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place.  This  rarity  of  the  transits  arises  from  the  Fact  that  the 
path  of  the  planet  is  inolinetl  to  the  plane  of  the  earth's  orbit ; 
80  that  while  in  half  of  it«  path  Venns  is  above  Uie  p]aac 
of  the  earth's  orbit,  in  the  other  Iialf  it  U  below.  Wh«) 
Venus  overtakes  the  earth,  the  line  from  the  earth  to  Venus 
will  therefore  UHUally  pass  over  or  under  the  snn.  If,  however, 
it  should  happen  that  Venus  overtakee  the  earth  at  or  near  either 
of  the  points  tn  which  the  plane  of  the  orbit  of  Vcnna  paaa«9 
through  that  of  the  earth,  then  the  three  bodies  will  be  in  line, 
and  a  transit  of  Vcnua  will  be  the  consequence.  The  rarity  of  tho 
occurrence  of  a  transit  need  no  longer  be  «  mystery.  The  earth 
passes  through  one  of  the  critical  parts  every  December,  and 
through  the  other  every  June.  If,  therefore,  it  so  happens  that  ihw 
conjunction  of  Venus  oecurs  at,  or  close  to,  June  6th  or  rWember 
7th,  then  a  transit  of  Venus  will  oceur  at  that  conjunction,  but 
under  no  other  circumstances. 

The  most  remarkable  law  with  reference  to  the  recurrence  of 
the  phenomenon  is  the  well-known  eight-year  interval.  Th©  tran- 
sits maybe  all  grouped  togt>ther  into  pnir«;  the  two  transits  of  any 
single  pair  being  Bei>arafed  by  an  intorvnl  of  eight  years.  For 
instance,  a  transit  of  Venus  took  place  in  1701,  and  again  in  1769, 
No  further  transits  occurred  until  those  recently  witneased  tn  1874 
and  in  \S'6i.  Then,  njiiain,  comes  a  long  inton-al.  for  another 
transit  will  not  occur  until  i£U01>,  hut  then  it  will  be  followed  by 
another  in  sn]2. 

This  recurrence  of  the  transits  in  pairs  admits  of  a  rery  aimplo 
explanation.  It  so  happens  that  the  periodic  lime  of  Venus  bears  a 
remarlinble  relation  to  the  periodic  time  of  the  earth.  Ventia  ac- 
compliiihfs  thirteen  revolutions  around  the  sun  in  very  nearly  the 
same  time  that  the  earth  requires  for  eight  reTolntions.  If,  there- 
fore, in  1S74,  Venus  and  the  earth  were  in  line  with  the  sun,  then 
in  eight  years  more  the  earth  will  again  be  found  in  the  same  place; 
and  BO  will  Venus,  for  it  has  just  been  able  to  accomplish  thirteen 
revolutions.  A  transit  of  Venus  having  occurred  on  the  first  ocoa- 
aion,  a  transit  must  nW  occur  on  the  sfcon<). 

It  is  not,  how«rer,  to  be  supposed  tluit  every  eiglit  years  the 
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planets  will  again  reji^ain  the  same  position  with  suiSoient  precision 
for  a  regular  eijjht-year  transit  interval.  For  it  is  only  approxiniat«Iy 
true  that  thirteen  revolutions  of  Venus  are  coincident  with  eight 
revolutions  of  the  earth.  liach  conjunction  after  an  interval  of 
eight  years  takes  place  at  a  slightly  different  position  of  the  planets, 


Fig.  42.— VcnaimltMSunattlioTnwdtot  IST4. 

■0  that  when  the  twoplaneta  come  together  again  in  tlic  year  IftflO 
the  point  of  conjum-tinn  will  be  m>  fur  removed  from  the  i;rilie«] 
point  that  the  lini-  from  the  earth  to  Veiiua  will  not  intersect  the 
sun,  and  thus,  although  Venna  will  inwt  very  near  the  Run,  yet  no 
tniosit  will  take  place. 

Fig.  ii  rej>resent8  the  traniit  of  Vcniiu  in  1974.     It  ia  taken 
from  a  photograjih  obtained,  during  the  occurrmce  of  tlie  tnuisit, 
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by  M.  Jaimaen.    Hw  telcsoope  was  dir(^<'<l  towardu  the  mm  (iurin^ 
the  eventfnl  minutes, and  thus  an  imngeof  the  sun  wan  <lej)ipted  on 
the  pholograpliip  plate  placed  in  the  telescope.  The  circular  margin 
represents  the  disc  of  the  sun.     On  that  disc  we  see  the  round  slurp 
image  of  the  planet  Venus,  showing  the  appearance  of  the  planet 
during  the  progress   of   the    transit   in   lUli.    The  only   other 
Features  to  be  noticed  are  a  few  spots  on  the  sun  rather  dimly 
stiovD,  nnd  a  network  of   lines  which  were  stretched  across  the 
field  of  view  of  the  telescope  to  facilitate  the  meastirements.     It  i 
might  be  supposed  that  the  appearance  of  Venus  in  front  of  the  | 
sun  could  be  mistaken  for  one  of  the  spots  in  the  sun,  whic-li  ue  I 
often  largii  and  round,  and  occasionnlly  have  even  siniulntt-d   llie 
appearance  of  a  planet.      But  this  view  will  not  boar  examination. 
The  occurrence  of  the  transit  at  the  predicted  moment,  and  at  the  > 
pn'cise  point  of  tho  sun's  Riftrgin  which  the  calculations  had   indi- 
Catod,  the  sharpness  of  the  jdauct's  shape,  and  the  circumt^taucea  of 
its  motion,  all  disCTiniinute  the  planet  as  something  totally  distinct 
Erom  an  ordinury  sun  spot. 

The  adjoining  sketch  exhibits  the  course  which  the  planet] 
pursued  iu  its  couT«ca<;ross'hc  sun  on  the  two  occasions  in  lS74aiMl 
\^^i.  Our  generation  litiK  liiul  the  good  fortune  to  witness  the 
two  oeciirri-n(H'K  indicated  on  tluK  picture.  The  white  circlo  denotes 
the  disc  of  the  I'lin ;  tin-  j>Iiini't  cntcr»  on  the  white  surface,  and  at 
firet  is  like  a  bite  »ut  of  the  sun's  margin,  (iradually  the  black  spot ' 
steals  in  front  of  llic  sun,  until,  after  nearly  half  an  hour,  the  black 
disc  is  entirely  visible.  Slowly  the  planet  wends  it«  way  across, 
followed  by  hundri-ds  of  tcle*co]>es  from  every  accessible  part  of 
the  globe  whence  the  phenomenon  is  visible,  until  at  length,  in  thaj 
course  of  n  few  houm,  the  planet  cmei^-s  from  the  other  ndv. 

It  will  Ixr  nwful  to  take  »  brief  retroii])«;t  of  the  different  tran- 
sits of  \'enu»i  of  which  thcR^  i*i  any  hidtorical  recon).  They  are  uot 
numerouK.  DoubllcKX  hundreds  of  Irnn^its  have  occurred  sin«-i>  Rino., 
first  cuinu  on  tlic  earth.  It  was  not  unlil  the  approach  of  thw  yt 
14(81  that  attention  Wj^n  to  be  directed  to  the  matter,  though  t 
transit  which  undnubtedly  occurred  in  that  year  \rti»  not,  so  far 
we  know,  observed  by  any  one. 
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The  tneetU  of  (ia«M-ni]i,  in  otwervini;  the  tmnHit  of  Mercury,  to 
whioh  we  ref efted  in  the  last  chapter,  Ii.-d  him  to  hope  that  be  would 
be  equally  fortunate;  in  observing  the  transit  of  Venus,  which 
Keplerhad  also  foretold.  Gasseiidi  looked  at  the  sua  on  the  4'th, 
5th,  and  OlU  December.  He  looked  at  it  again  on  the  7th,  but  he 
saw  no  aijtfn  of  Uie  planet.     We  now  know  the  reswon.     The  tratiBit 


Yig.  43.— Tlw  jialii  ul  Vunus  iicruw  Iba  ^uu  in  thu  Tnuuitainf  1871  uiil  1682, 


of  Venus  look  place  during  the  ni^ht,  betwnrn  thu  <tth  and  tbe  7th, 
and  would  therefore  have  twcn  iiiviKililc  In  Kiiri']i«'un  nlwiTVcrn. 

Kepler  had  supposed  that,  iiKcr  the  Inincit  of  10''ll,  there  would 
not  be  onothvr  until  1701,  but  in  thia  the  usual  acutenetisof  Kepler 
McniB  ti>  have  (Ivoerted  him.  fie  upi^ors  not  to  iiave  fully  appiw> 
elated  thu  rvinarkiilile  cight-yi^r  periuil,  which  neceaaJtAtea  tlml  the 
tr»n»it  of  Itl^tl  would  be  followed  l>y  another  in  IditV.  Thia  trunNit 
o[  1G30  is  tlie  one  with  whicli  the  history  of  the  subject  may  be 
said  to  oommence.  It  was  the  llrst  occasion  on  which  the  tnuuit 
WM  cvcruetunlly  witne«aied ;  nor  was  it  then  .teen  by  many.  So  far 
a»  i»  known,  tlwt  trauHit  was  only  witnessed  by  two  persons. 
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A  youag  aixl  ardent  Eng1i«h  nstronomcr,  itonwd  Horrocks, 
had  ODdortakeu  tome  Computationi!  about  tlw  motions  of  Vodu». 
Horrocks  made  the  diiioover)'  that  the  trannt  of  VeDUS  would  b« 
Tvpeated  in  IBSC,  and  lie  inr-piired  to  obwrve  it.  The  «ia  time  oq 
the  tnomin^  of  tlie  eventful  dity — 'wbieh  hajijiened  to  be  a  Sunday. 
The  clerical  profecsion,  which  Horrockn  fulti^wed,  liere  came  into 
C!>lli8ion  with  lii«  devimi  ok  an  a«troiifliner.  Horrocks  decided  tlut 
his  clerical  duties  mimt  he  performed,  but  tliat  every  siwre  uiooient 
of  the  day  aliouIJ  be  devuted  to  ittudyin^  the  aun.  At  nine,  lio 
Bays,  he  wa«  called  away  by  business  of  the  hif^hest  importance- 
referring,  no  doubt,  to  his  official  duties;  hot  the  service  was 
(juickly  [t^rforroed,  and  a  little  before  ten  he  was  again  on  tho 
natch,  only  to  litid  the  brilliant  face  of  the  sun  without  any 
unusual  feature.  It  was  marked  with  a  spot,  but  Dothing  that 
coold  be  mistaken  for  a  planet.  Again,  at  noon,  came  an  interrup- 
tion ;  he  went  to  church,  but  he  n'as  back  by  one.  Nor  were  thcM 
tho  only  interruptions  to  his  obser\'ation8.  The  siin  was  also  more 
or  less  clouded  over  during  part  of  the  day.  However,  at  a  quarter 
past  three  in  the  afternoon  bis  clerit'al  duties  were  over ;  llio  oluuds 
had  di.4pented,  and  he  once  more  resumed  liie  oboervatinns.  To  hia 
incre<lible  delight  he  then  wiw  on  the  sun  tlie  round  dark  s[iot, 
which  he  at  ouce  identifiitl  tuf  the  plnuet  Venus.  Tlie  observations 
could  not  last  long;  it  was  the  depth  of  winter,  and  the  sun  was 
rapidly  setting.  Only  half  an  hour  was  available,  but  he  had  made 
such  careful  preparations  beforeliuud  that  half  an  hour  sufficed  to 
enable  him  to  secure  careful  and  exact  measutements. 

Horrocks  had  previously  acquainted  hia  friend,  William  Crab- 
tree,  with  the  impendingoccurrence.  C'rabtrce  was  therefore  on  the 
watch,  and  succeeded  in  seeing  tbe  tran«il.  But  to  no  one  tlse 
liad  Horrocks  communicated  the  intelligence;  as  he  says,  "1  hojMS 
to  be  excused  for  not  Informing  other  of  my  friends  of  th« 
expected  phenomenun,  but  most  of  them  cnre  little  for  trifleH  oE 
Ibis  hind,  ntther  preferring  their  hawks  and  houndu,  to  say  no 
worse;  and  atthou^'h  En),'laiid  is  not  without  votaries  of  astronomy, 
with  some  of  whom  I  am  acquainted,  I  wii»  unable  to  convey  to 
theoi  thu  H^eable  tidings,  having  myself  had  bo  little  noljtw." 
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It  wiu  not  till  long  afterwards  that  tbe  fall  importjince  of  the 
traiiKit  of  Venus  was  perceive*!.  Nearly  a  century  lind  rolled  away 
wbcD  the  great  astronomer,  Ualley  (I6S6 — 1741),  drew  attention 
to  the  Kutiject.  llie  next  transit  was  t4>  occur  in  1761,  and  forty* 
five  years  before  that  event  llalley  explained  liis  celebrated  method 
of  finding  the  distance  of  tbe  sun  by  means  of  the  transit  of  Venus. 
Halley  was  then  a  man  sixty  years  of  age;  he  could  hare  no 
expectation  that  he  m'ouIJ  live  to  witness  the  transit ;  but  in  noble 
lauguaj^  he  commends  the  problem  to  the  notice  of  the  learned, 
and  thus  addrvsses  the  Koyal  Society  of  London ; — "  And  this  is 
what  1  am  now  desirous  to  lay  before  this  illustrious  Society,  which 
I  foretell  will  continue  for  ages,  that  I  may  explain  beforehand  to 
young  astronomers,  who  may  perhaps  live  to  observe  these  things, 
a  method  by  which  the  immense  distance  of  the  sun  may  bo  truly 
obtained.  ...  I  recommend  it,  therefore,  again  aud  again  to 
those  curious  aetronomeis  who,  when  I  am  dead,  will  have  an 
opportunity  of  obser^'ing  these  thinge,  that  they  would  remember 
this  my  admonition,  and  diligently  apply  themselves  with  all  their 
might  in  making  the  observations,  and  I  earnestly  wish  them  all 
imagitiable  success — in  the  tirst  place,  that  they  may  not  by  tbe 
unseanonable  obscurity  of  a  cloudy  sky  be  deprived  of  this  most 
desirable  sight,  and  tbeo  that,  having  ascertained  with  more  exact- 
uesB  the  magnitudes  of  the  planetarv-  orbits,  it  may  redound  to  their 
immortal  fame  and  glory,"  Halley  lived  t«  a  good  old  age,  but 
he  died  nineteen  years  before  the  transit  occurred. 

The  student  of  astronomy  who  desires  to  learn  how  tbe  transit 
of  Venus  will  tell  tlic  distauce  from  the  sun  must  prepan>  to  en- 
counter a  geometrical  problem  of  no  little  complexity.  W'c  cannot 
give  to  the  subject  th«  detail  that  would  be  rvquistte  for  a  full 
explanation.  All  we  can  attempt  is  to  render  a  gent'ml  account  of 
the  method,  sufficient  lo  euable  the  reader  to  Me  that  tbe  transit  of 
Venus  really  does  contain  alt  the  elements  nacwaiy  for  the  solution 
of  the  problem. 

Via  muxt  first  explain  cli-arly  the  conception  which  is  known  to 
iistronomers  by  tlie  nomo  oiparallar;  for  it  is  by  parallax  that  the 
distance  of  Uic  sun,  or,  indeed,  tbe  distance  of  any  other  celestial 
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body,  must  bv  determined.     Lot   uts   take  a  fumiile   illiutrattoo. J 
Stand  Dciir  n  window  from  wbencu  you  can  look  kt  builJiD^,  or^ 
tlic  tTiv«,  the  cluuds,  or  uny  distant  object*.     Place  <>»  tliv  g^liisii 
a  tbiii  Ani>  of  pu|»<;r  vertically  in   the  miildle  of  one  o(  th«  jmiMtM. 
Close  tlic  ii;^ht  eye,  and  note  with  the  left  eyo  the  pontJon  of  th« 
dtrip  of  ptipLT  relatively  to  the  objeetn  in  the  buekgrownd.     Tlien, 
while  still  remaininjr  in  the  Kime  poxitiun,  close  the  lt:ft  eye  imd 
ngaiu  observe  the  iKwilion  of  the  strip  of  ]iaiHT  wilh  the  right  oyo. 
You  will  lind  that  the  position  of  the  juiper  on  (he  buokgniuiid  Kan 
cluuiged.     Ah  I  xib  in  my  Mtndy  and  look  out  of  the  window  I  s«e 
a  Htrip  of  pnper,  with  my  right  eye,  in  front  of  a  certain  bon^h  on 
a  trei^  a  coiqile  of  hundred  yardi*  iiwiiy  ;  with  my  left  eye  the  paiwr 
is  no  longer  in  front  of  that  bongh ;  it  hiu  moved  to  a,  jxKittioit  near 
the  edge  of  thd  tree.     Tliis  apparent  dinphivvment  of  the  atrip  of  i 
paper,  relatively  to  the  distant  biiekgronnd,  iu  wtiut  '\»  called  pamlhix. 

Move  closer  to  the  window,  and  repi-jtt  the  observation,  and  you 
find  that  (itr  apparent  dt»pl.acemr'Nt  of  the  ttrip  inereatet.      Mova 
away  from  the  window,  and  the  displucfmcut  decruaeoo.     Move  to  I 
the  other  side  of  the  room,  thu  displiwement  is  much  less,  thouj^h 
probably  still  visible.     We  thus  see  that  the  change  in  the  apparent 
plnee  of  the  strip  of  paper,  as  viewed  with  tlie  right  eye  or  the  left 
eye,  varies  in  amount  as  the  tlistanee  chttnges ;  but  it  varies  in  tbv 
opposite  way   to  the  distanee,  for  ns  eitln-r  bet'omes  greater  th« 
other  becomes  less.     Wo  cnn  thus  associnte  with  each  particular] 
distance  a  conesiiOKding  jmrticular  displot^ement.     From  this  it  will  I 
be  (Uy  to  infer,  that  if  we  havetlie  means  of  measuring  tlienmouot 
of  disploccmcDt,  then  we  have  the  means  of  calculntitig  th«  distance  \ 
from  tlio  observer  to  the  window. 

It  i«  this  principle,  applied  on  a  gigantic  scale,  which  enabled  ua 
to  mnsure  the  distance*  of  the  beavcnly  bodies.     Look,  for  instaiKw^J 
at  the  planet  ^'enull ;  let  this  corn:s]x>nd  to  the  strij)  of  paper,  aodi 
let  the  sun,  on  which  Venus  ix  seen  in  the  aet  of  transit,  be  the 
background.     Instead  of  the  two  eyes  of  the  observer,  wc  now  plnoe 
two  obwrvatories  in  iliHtant  regions  of  the  (artli ;  we  look  at  Vent 
from  one  observatory,  we  look  at  it  from  the  other ;  we  measure^ 
the  tmount  of  the  displacement,  and  from  that  we  calculate  the 
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distance  of  the  planet  All  depends,  then,  on  the  moaDS  which  vre 
have  of  measuring  the  displacement  of  Venus  us  viewed  from  the 
two  different  stations.  There  ore  \-arioiiB  ways  of  accomplishing 
this,  hut  the  most  simple  is  that  ori<|innll}'  proposed  by  llalley. 

From  the  observatory  at  A  Venus  seems  to  pursue  the  upper  of 
the  two  tracks  shown  in  the  adjoining  Rgiira.  From  the  ohscrvn- 
tory  at  D  it  follows  the  lower  track,  and  it  ia  for  us  to  muasure  the 


Fig.  11. — To  illuiUntv  Uw  cibaurmtiuD  ut  lliu  Tniuit  of  Vunui  tnim  t«o  UxalitiM, 
A  and  B,  on  tha  Enrth. 


dutuBoe  between  the  two  tracks.  This  can  he  kccnmplifihed  in  Bcveral 
vsyi.  Suppose  the  observer  at  a  note  the  time  that  Venus  has 
occupied  in  crossing  the  disc,  and  that  similar  observations  l>«  mode 
at  B.  As  the  track  seen  from  n  is  the  larger,  it  must  follow  that 
the  time  observed  at  n  will  be  greater  than  that  at  A.  When  the 
obaerrers  from  the  (liffcrent  hemispheres  come  together  and  compare 
their  observations,  the  timM  obttcrved  will  enable  the  lengths  of 
the  tracks  to  be  citleuluti'd.  'Hic  Icngtlm  being  known,  their  places 
on  the  circular  di«c  of  thv  snn  are  determined,  and  henoe  the 
amount  of  displiicemcut  of  Veuua  in  transit  is  ascertained.     Thus 


it  is  thnt  tlic  distant^  of  Venus  i»  measured,  and  thus  the  scale  of 
the  solar  system  is  known. 

The  two  transite  to  which  Hnlley's  mtmontlile  kscokIm!*  ruferred 
occurred  in  the  years  1701  and  17l5S'.  The  rwidts  of  the  fiwt  were 
not  very  «ucL-e««fiil,  iu  Pf'^*-'  ^'^  the  arduous  labours  of  those  who 
imdertouk  tho  observations;  hut  the  transit  of  176!)  will  he  for  ever 
memorable,  not  only  on  account  of  the  determination  of  the  sun's 
distance,  hut  as  giving  ritie  to  the  first  of  the  celebrated  voya^^ 
of  Captain  Cook.  It  wa«  to  tow  the  tianxit  of  Venus,  that  C'a[ituin 
Cook  was  commissioned  to  sail  to  Otaheite,  and  there,  on  the  3rd 
of  June,  on  a  splendid  day  in  that  most  exquisite  climate,  the 
transit  of  Venus  was  carefully  observed  and  oieasared  by  different 
olmerver*.  Simultaneously  with  these  obsen'atioQS  othen*  were 
obtained  in  Europe,  and  from  the  combination  of  the  two  the  fir«t 
accurate  knowledge  of  the  sun's  distance  was  gained.  The  in<i«t 
complete  discussion  of  these  observations  did  not,  however,  t^ike 
]ila«!e  for  some  time.  It  waa  not  until  the  year  1824  that  tlw 
il  lustrious  Kocke  computed  the  distance  of  the  sun,  and  gave  as  tiie 
definite  result  95,000,000  miles. 

For  many  years  this  number  waa  invariahly  adopted,  and  mont 
of  the  present  generation  will  remember  how  they  were  taught  in 
their  school-days  tliat  the  sun  was  95,000,000  miles  away.  At 
length  doubts  hegan  to  he  whispered  as  to  the  accuracy  of  this 
result.  The  doubts  arose  in  dilTerent  ciuarler^,  und  weru  presented 
with  different  degrees  of  importance;  but  they  all  [>oiiitc(l  in  one 
direction,  they  nil  indicated  that  the  diKtunce  of  the  Kun  wne  not 
really  an  great  as  the  result  which  Encke  had  ohtaintt).  It  must 
be  remembered  that  there  arc  several  wayt;  of  finding  the  <listanc« 
of  the  sun,  and  it  will  be  our  duty  to  allude  to  some  other  methods 
later  on.  It  has  been  ascertained  that  the  result  obtained  by  Etiekc 
n-as  too  great,  and  that  the  distance  of  tlic  i^un  may  prubiihly  be 
now  sUted  ut  9:1,700,000  miles. 

I  venture  to  record  our  personal  experience  of  the  last  transit 
nf  Venus,  which  we  had  the  good  fortune  to  view  from  Dutwiuk 
OlM-rvatory  on  the  afternoon  of  the  6lh  of  Dtsieniher,  lti92. 

The   morning  of    the   eventful  day  appcau-d  tu  be  about  u 
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nn&vouraLle  for  a  grand  astronomKal  specUcle  as  could  well  be 
imngined.  Soon-,  a  couple  of  inches  tbick,  covered  tbe  ground,  and 
more  was  Calling,  with  but  little  intenDifision,  all  tbe  forenoon.  It 
Kt'med  almost  hopeless  tbat  a  view  of  the  ^reat  event  could  )te 
obtained  from  tliJe  observatory  ;  but  it  is  well  in  such  cases  to  bear 
in  mind  the  injunction  ^ven  to  the  observers  on  a  celebrated  eclijise 
csjicditiDn.  Tbey  were  instructed,  no  matter  what  the  day  ahoald 
bo  like,  tbat  they  were  to  make  nil  their  preparations  precisely  aa 
they  would  have  done  were  the  Mtin  shinin);  in  undimmcd  splendour. 
By  thiH  ml  vice  iw  doubt  many  obsvrvrrs  have  profited ;  and  we  acted 
upon  it  here  with  very  ooimiderablc  ttucccss. 

We  have  at  tbin  obwrvatory  two  itiuutorinls,  one  of  them  an 
old,  but  tolerably  |^od  inittrumcnt,  of  utxmt  tax  inches  apcrlun', 
the  other  tlu>  great  Soutb  ccpiatorial  of  twelve  inches  aixTttin! 
alrwidy  rcft-rred  to.  At  eleven  o'tltHrk  the  day  looked  won*  than 
ever;  but  we  at  once  ]iri}c«edi,>d  to  make  all  ready.  I  stationed 
Mr.  Ilumbaut  at  tbe  amuU  equatorial,  wliile  I  myni'lf  took  cliiirgc 
of  the  South  instrument.  The  snnw  wax  etil)  falling  when  the 
dome*  were  opencti :  but,  according  to  our  pre-arran{fcd  scheme, 
tbe  tclc«cppCH  were  directed,  not  indeed  ujion  the  eiio,  but  to  the 
place  where  we  knew  the  mm  was,  and  tbe  clockwork  was  set 
in  motion,  which  carried  round  llic  telcscoiKW,  still  constantly 
pointing  toward)!  the  invisible  sun.  The  jiredift)-)!  lime  of  the 
transit  had  not  yet  arrived.  Mr.  Hind,  tbe  dintinguislicd  supcr- 
inti'ndcnt  of  the  "  Nautical  Almanac,"  luul  kindly  aent  u«  his 
oomputations,  showing  that,  viewed  from  Dunsink,  tJie  transit 
ought  to  commence  at  1  h.  35  min.  4S  sees,  mean  time  at  Dublin, 
and  tbat  the  {mint  on  tbe  Hun's  disc  where  the  planet  would  enter 
wu  147^  from  the  north  ]x>iiit  of  the  sun  round  by  east. 
Tliis  timely  intimation  wan  of  twofold  advantage.  It  told  us,  in 
the  fimt  place,  tbe  preciac  moment  when  the  event  wim  to  be 
rxp('ct«'<] ;  and,  wliat  was  perliaps  (|uite  aa  useful,  it  told  iia  tlic  exact 
[loint  of  tbe  sun  to  which  the  attention  waa  to  be  direct^.  IHiis  is 
■  matttr  of  very  oonsidt^rablc  importance,  for  in  a  large  teleBco)io  it 
it  only  ponible  to  aee  a  part  of  the  sun  at  once,  and  therefore, 
iid1«m  Uta  pmjier  part  of  the  sun  be  placed  in  the  field  of  view,  tbe 
phvDomeuon  may  be  entirely  missed. 
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The  eye-piece  employed    on  the    South   e<]uaturu1    may    alsu 
receive  a  brief  notice.     It  will,  of  course,  be  obvious  (but  the  full 
f^lare  of   the  buq  miifit  be  greatly  aiitigattMl  before  the  eye  can 
view  it  with  impunity.     The  li^lit  from    the  «u«   falls   upon   a 
piece  of   traiiBpamut  glass   inL-liiit'i]  at  a  cortuia   angle,  and   tbe 
chief  portion   of    the   huu's  beat,  aa   well   m   m   eerlain    amount 
of  ite   light,   paas   throii)j>h   the   glass   and   are   Itiitt.     A    certain 
fraction  of  the  light  is,  however,  reflected  from  the  glass,  andj 
enters  the   eye-piece.     This   light   i*    already  much    rediiL-ed    ii 
intensity,  but  it  undergoes  as  much  further  reduction  as  we  plesK 
by  an  ingenious  contrivance.     The  glass  which  reHecls  tho  li^bt 
does  so  at  what  is  called  the  polarising  angle,  and  between  tbe  eye- 
piece and  the  eye  is  a  plate  of  tourmaline.    This  plate  of  tourraa)in« 
can  be  turned  round  by  tho  observer.     In  one  position  it  hard)] 
interCcres  with  the  light  at  all,  while  in  the  position  nt  right  angli 
thereto   it   cuts   off   nearly  the  whule   of   the  light.     By   wmpl/' 
adjusting  tbe  position  of  tbe  tourmaline,  the  observer  has  it  in  his 
power  to  render  the  image  of  any  brightness  that  nmy  Iw  cott^H 
venient,  and  thus  the  observations  of  the  sun  can  bo  conducted  wilh 
the  appropriate  dq^ree  of  illumination. 

But  such  appliances  seemed  on  this  occasion  to  bo  n  mere 
mockery.     The   tourmaline  was  all  ready,  but  up  to  oii«  o'clool 
not  a  ti'ace  of  the  sun  could  be  seen.     Shortly  after  one  o'cloc 
however,  we  noticed  that  tho  day  was  getting  lighter;   and, 
looking  to  the  north,  from  n-lienco  the  wind  and  tbe  snow  wore 
coming,  we  saw,  to  our  iucitpn.'«flble  delight,  that  tW  clowla  went 
breaking.     At  leugth  the  sky  towards  tbe  «outh  began  to  improve, 
and  at  last,  as  the  criticul  moment  approached,  we  could  d<.'t«vt  the 
spot  wberu  tlie  sun  wb«  bceonting  vi»ible  through  tlie  clouda.     Ittit 
Mr.  Hind's  predicted  moment  arrivc<l  and  ]ia3ii<.-d,  and  still  tbe  sun 
had   not   brokon   through    the   iluudtt,  tlitiugh  every  moment  tbe 
certainty  that  it  would  do  mi  became  more  appurent.     Tbe  ext«rnal 
contact  wai*  therefore  miSMHl.     ^Ve  tried  to  console  ourseU'es  by 
reflection  Uiat  this  wox  nut,  after  all,  a  very  important  phase, 
hoped  that  the  internal  cunlaot  would  be  more  succcssfid. 

At  length  the  struggling  sun  pierced  tbe  clouds,  and  I  aa 
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the  Toiind,  sharp  diec  ci£  the  euti  iu  the  linder,  tiiitl  (-ii|^i>rly 
glanced  at  the  point  on  which  iittrntiun  vni«  conci-ntrutrnJ.  Some 
minutes  had  now  elapsed  since  Mr.  Hiiicl')i  predict!^  moment 
of  firat  cnnfaet,  and,  to  my  delight,  I  saw  Ihp  gmail  ditrl;  hiU- 
out  of  the  sun  ftbowin^  that  the  transit  of  Venus  liiid  ecninii.'iict.'d, 
and  that  the  planet  wa«  then  one-third  on  the  sun.  But  the 
most  critiual  moment  had  not  yet  arrived.  By  thf  expression 
"first  internal  contact"  we  are  to  nndcirtand  the  monifnt 
when  the  planet  is  just  eraelt^  oh  the  sun.  This  first  contact 
was  timed  to  occur  twfnty>one  minut«8  later  than  the  external 
contact  already  referred  to.  Hut  again  the  clouds  disappointed  our 
hope  of  seeing  the  internul  contact.  While  steadily  looking  at  the 
exquisitely  beautiful  sight  of  the  gradual  advance  of  the  planet,  I 
became  aware  that  there  were  other  objects  besides  Venos  between 
me  and  the  sun.  These  ohjects  were  snowflakes,  which  again  began 
to  fall  rapidly.  They  were,  I  must  admit,  most  singularly  l)eautiful. 
The  telescopic  eSeot  of  a  snowstorm  witli  the  sun  as  a  bnckgroutid 
I  )uid  never  Iwfore  seen.  It  wa«  a  most  remarkable  Kight,  and 
reminded  me  of  tlie  golden  rain  which  is  sometimes  seen  during 
pyrotechnic  diiiplay*;  but  I  would  ghully  Imve  dipEpcnsvd  with  the 
spectacle,  for  it  necewarily  followiti  that  the  sua  and  Venus  again 
disappeared  from  view.  The  clouds  gathered,  the  anowstorni 
descended  as  lnyivily  as  over,  and  wc  hardly  dared  to  hope  that  we 
should  see  anything  more.  1  h.  57  min.  came  and  paKxcd,  the  first 
internal  contact  wan  over,  and  Venus  had  fully  entered  on  the  sun. 
We  had  only  obtained  n  brief  view,  and  we  had  been  able  to  make 
no  measures  or  other  observations  that  could  lie  of  service.  Still, 
to  have  seen  even  a  jiart  of  a  transit  of  Venus  is  an  event  to  i«- 
niemlier  (or  a  lifetime,  and  we  felt  more  delight  than  can  he  easily 
exi>rewed  at  even  tJiis  slight  gleam  of  «uce«*e. 

Bat  bett«r  things  were  in  slflre.  My  assistant  came  over 
to  report  to  me  that  he  had  ulso  been  sticcewfjil  in  aewng 
Venus  in  the  Mine  phase  as  I  had.  We  both  resumed  our  posts, 
and  at  balf-jKirt  two  the  ctouda  began  to  dieperee,  and  the 
prospect  of  seeing  the  ann  began  to  improve.  It  was  now  no 
qacstion  of  lb«  ubservationa  of  contact     Venus  by  ibis  time 
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was  well  on  the  sun,  and  we  tlierefore  preporeJ  to  make  ob^w- 
vatioQfi  with  the  micrometer  attached  to  the  eye-pit-cc.  The 
clouds  at  leo^b  dis]:er«ed,  aud  at  tbi§  time  Veniu  hud  »o  com- 
pletely entered  on  llie  sun  that  the  distance  from  the  «1k«  of  thu 
planet  to  the  edge  o£  the  sun  Viae  about  twice  tbe  diamuttT  of  the 
planet.  We  measured  the  distance  of  the  iuner  e<]<;i>  of  Vtiiua  from 
the  nearest  limb  of  the  sun.  These  observations  were  rt)]>i-ato(l  as  fiv- 
quently  ns  possible,  but  it  should  be  added  that  tbey  were  only  made 
with  very  considerable  difficulty.  The  eun  wos  now  very  low,  and 
the  edges  of  the  sun  and  of  Vonus  were  by  no  means  of  ihitt  stt-ady 
character  which  is  suitable  for  micrometrical  mensun-munt.  The 
tdge  of  the  sun  wns  "boilin'*,"  and  Venus,  though  it  no  doubt  waa 
sometimes  circular,  was  very  often  distorted  to  such  a  dt'{frv«  as  i^i 
make  tbo  mcasun's  very  uncertain.  ^^H 

We  But'ci.'wlcd  in  obtaining  sixteen  measures  altogvtiicr;  but 
th«  sun  wns  now  getting  low,  the  clouds  begun  again  to  iDter- 
I'erc,  and  we  nuw  timt  the  pursuit  of  tbe  transit  must  be  left  to 
the  thuusaods  of  astrononiprs  in  happier  climes  who  had  been 
eagerly  awaiting  it.  But  W'fore  the  phenomena  had  ceased 
I  spared  u  few  minutes  from  tliv  somewhat  mechanicial  work 
nt  the  micrometer  lo  take  a  view  of  the  transit  in  the  more 
picturescjue  form  which  the  large  Geld  of  the  lindcr  prcsvnted. 
Truly  it  wim  a  most  oxquitile  and  memorable  sight.  Tlie  sun  waa 
already  beginning  to  put  on  tbe  ruddy  hues  of  sunset,  and  there,  far 
in  on  its  fiice,  was  the  ifharp,  round,  black  disc  of  Vetiua.  It  ww 
then  easy  t<i  "ymjwthiiic  with  the  supreme  joy  of  HorriK'k*  when,  in 
1M9,  he  for  tbi-  flr>it  time  witnewcd  thin  K|K-clacU'.  Tbe  intrinsic 
beauty  of  the  phenomenon,  it«  rarity,  the  fulfilment  of  the  prediis 
tion,  tlic  noble  problem  which  the  transit  of  Venus  enable*  m  to 
•olve,  arc  all  preaent  to  our  thoughts  when  we  look  at  this  ]>k-Hsioy 
picture,  the  like  of  which  will  not  occur  again  until  the  l]owets 
are  blooming  in  the  June  of  a.d.  20U4. 

The  oocaaion  of  a  transit  of  Venus  also  affords  an  opportuuity  of 
studying  the  physical  nature  of  tbe  planet,  and  we  may  beie  brieOy 
indicattt  the  results  that  have  been  obtained.  In  the  first  place,  a 
transit  will  throw  some  light  on  tJie  question  as  to  whether  Veous 


is  accompanied  by  &  sat«11it«.  If  Venus  were  attended  by  a  small 
body  in  close  proximity,  it  would  be  conceivable  that  under  ordi- 
nary drcumstiinces  tlie  brilliancy  of  the  planet  would  obliterate 
the  feeble  beam  of  rays  from  the  minute  companion,  and  thua  the 
satellite  would  remain  uudiBcovered,  It  was  therefore  a  matter  of 
(jreat  interest  to  scrutinise  the  vicinity  of  the  planet  while  in  the 
net  of  transit  over  the  sun.  If  a  satellite  existed — and  the  exist- 
ence of  a  satellite  lias  often  been  suspended — then  it  would  be 
copublc  of  detection  at^inst  the  brilliant  background  of  the  sun. 
Special  attention  whs  directed  to  this  point  during  the  recent 
tmnint«,  but  no  sat4.-llit«  of  VuntiK  was  to  he  found.  It  soeme, 
therefore,  to  bo  very  unlikely  that  Venus  can  bo  attended  by  any 
utellit«  of  mppreciable  dimemtiouK. 

The  obcervationi  directed  to  the  invextigntion  of  the  atmosphere 
RUrrounding  Venux  have  be<-n  more  Kucctiufui.  If  tlie  pinnvt  were 
devoid  of  an  atmofphere,  then  it  would  be  totally  invisible  jiu^t 
before  commencing  to  eiit^r  on  the  wm,  nnd  would  relapse  into 
total  invisibility  as  soon  as  it  had  left  the  «un.  The  observations 
mwlo  durin<;  the  transits  arc  not  in  confonnity  with  such  soppoai- 
tions.  Special  attention  bos  been  directed  to  this  {Ktiiit  duniif*  the 
recent  trausitx.  The  r«ult  hiw  Wen  very  remarknhle,  and  has 
proved  in  the  most  eoneliniive  manner  the  existence  of  an  atmos- 
phere around  VenuH.  An  the  plttnct  f^radually  mnvinl  off  the  sun 
tbe  circular  edge  of  the  planet  extending  nut  into  the  durkne«s  waa 
seen  to  be  boundcnl  by  a  circular  are  of  litfht,  and  Dr.  Copeland, 
who  obiierve<l  this  transit  under  exceptionally  favourable  circiim- 
8tan<-etf,  was  aetually  able  to  follow  the  planet  until  it  had  passed 
entirely  away  from  the  sun,  at  which  time  the  globe,  though  itself 
inrisible,  was  distinctly  marked  by  the  girdle  of  light  by  which  it 
wac  satTounded.  This  luminous  circle  is  inexplicable  s»ve  by  tiie 
supposition  that  the  globe  of  A'eniw  is  surrounded  by  an  atmoe. 
pheric  shell  in  the  same  way  aa  tlwi  earth. 

It  may  be  asked,  what  is  the  adranlogc  of  devoting  so  miuih 
time  and  labour  to  a  celestial  pheiiomonoii  like  the  tnnsit  of 
Venus  which  has  so  little  bnring  on  pnetical  sffain  ?  Wlut  does 
it  maUer  wbetlier  the  sun  be  95j0OO,O0U  m>l< 
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only  93,000,000,  or  any  other  duitance  ?  Vi'o  muat  admit  ai 
that  the  inquiry  Iiiis  but  a  slundiT  hearing  on  mattt-rs  of  pn 
utility.  No  doubt  a  fanciful  person  miji^ht  contend,  that  to  compute 
our  Nautical  Almanacs  with  perfect  accuracy  we  require  to  know  tbe 
distance  of  the  sun  with  accuracy.  Oar  mighty  commerce  depends 
on  skilful  navigation,  and  one  factor  in  Bucccsafu]  navigation  is  the 
reliability  of  the  Nautical  Almanac.  The  inoreased  perfection  of  tbe 
almanac  must  therefore  lienr  sQme  relation  to  increased  perfwtinn  in 
narigation.  Now,  as  good  authorities  tell  us  that  in  ruuning  for 
a  harbour  on  a  tempestuous  night,  or  in  other  critical  emergen- 
cies, even  a  yard  of  sea-room  is  often  of  great  conseciiience,  so  it 
may  conceivably  hnppcn  that  to  the  inrinitcsimal  influence  of  the 
transit  of  Venus  «n  tbv  Nuuticul  Almanac  is  duo  the  safety  of  a 
gallant  vessel. 

But  the  time,  the  labour,  and  the  money  cxjiendwl  in  obwrring  the 
transit  of  ^'ouu«  arc  r«-ally  to  bedefi-iidi'd  on  quite  difTcrent  grounds. 
"Wo  see  in  it  a  fruitful  Hource  of  information.  H  tells  tis  the  difr 
tanee  of  the  sun,  which  is  the  foundation  of  all  the  great  tneaann*- 
nients  of  the  universe.  It  gratifies  the  intellectual  curiosity  of 
man  by  a  view  oF  tlie  true  dimensions  of  the  majestic  solur  system, 
in  which  the  earth  is  seen  to  play  a  dignified,  tliou^i  still  eab- 
ordinate,  jiurt ;  and  it  l(4tds  us  to  a  conception  of  the  «t  upendou* 
•cole  on  which  the  great  universe  iu  conii(ruete<]. 

It  is  not  possible  for  us,  with  a  due  regard  to  the  limits  of  this 
volume,  to  linger  any  longer  over  the  conMideratiou  of  the  Iranait  o( 
Venus.  When  we  begin  to  study  the  detail*  of  the  obaervatioos, 
wc  are  immediately  confronted  with  a  multitude  of  techuicul  sad 
intrii-nte  matters.  On  the  occasion  of  a  trnuaJt,  it  has  firvt  to 
be  decided  where  the  observations  are  to  be  inaiie^in  ita*.'lf  a 
question  that  hna  led  to  no  little  dittcussion.  Then  the  instru- 
ments that  are  to  be  used,  and  the  description  of  observatioiui  to  be 
made,  have  to  be  investigated  with  considerable  complexity.  Tlw 
observers  must  be  s])eeially  trained  for  tbe  wi>rk,  for  even  Methoaehh 
himself  could  hardly  have  lived  long  enough  to  have  luid  mock 
praclice  in  the  observations  of  transits  of  \^enu8.  To  ooinpcniats 
for  the  ine^'itable  want  of  exjierience,  tbe  observers  had  to  be  pre- 
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pared  bjr  a  upeoial  ooiirveof  instruction,  in  which  a  6ctitious  transit 
was  observed.  Then,  too,  the  interpretation  o(  the  observations 
involves  many  thttniy  and  many  controverted  questions.  To  piiniu! 
all  t\ii-*tr  mal.U;n  »»  lui  to  render  them  tntollifriLle  would  lead  w  into 
great  di-tail,  and  thert-fore  we  do  not  make  the  uitempt.  This 
course  in  the  more  advisable  when  it  is  remembered  that  the  transit 
of  Venus  is  only  one  of  the  methods  of  finding  the  sun's  distance — 
a  celebrated  one,  no  doubt,  but  not  perhaps  the  most  reliable.  It 
seems  not  unlikely  that  the  linal  detenniDation  of  the  suit's  distance 
willbeobtained  in  quite  a  different  manner.  This  will  be  explained 
in  Chapter  XT.,  and  henoc  we  feel  the  less  reluctance  in  passinff 
away  from  the  consideration  of  the  transit  of  \'eniiB  as  a  method 
of  celestial  surve^dng. 

We  must  now  close  our  description  of  this  lovuly  planet;  but 
before  doing  so,  let  us  add — or  in  some  cases  repeat — a  few  sta- 
tistical facts  as  to  the  size  and  the  dimensioiu  of  the  planet  and 
it«  orbit. 

The  diameter  of  Venus  is  about  7,60U  miles,  and  the  planet 
shows  no  nicanuruhle  dejiarture  from  the  "lobular  form,  though  we 
can  hardly  doubt  that  its  polar  diameter  must  really  be  .tomcwhut 
shorter  than  the  equatorial  diameter.  This  diameter  is  only  about 
25S  miles  less  than  that  of  the  earth.  The  moss  of  Venus  u  about 
three^Qarters  of  the  mass  of  the  earth  ;  or  if,  m  is  more  usual,  we 
compare  the  mum  of  Vi-nus  with  the  sun,  it  is  to  be  represented  by 
the  fraction  I  <livi[Ii^t  by  425,000.  It  in  to  Iw  obnurved  that  the 
mass  of  VcDus  is  not  quit^'  mo  great  in  comparison  with  its  hulk  as 
might  have  been  expi-clcd.  Tlw;  density  of  Venu*  Is  aWit  0'850of 
thi^t  of  the  cartli.  Venus  would  weigh  4'Sl  tiuK-M  us  much  as  a 
globe  of  water  of  equal  size.  The  gravitation  at  the  surface  of 
Vniui*  will,  to  a  slight  extent,  be  lesR  than  the  gmvitution  at  the 
turfsce  of  the  earth.  A  body  lu're  falls  trixlcen  fuel  in  a 
second  ;  a  body  let  fall  nt  tlw  surface  of  Venus  wtwhl  fall  about 
three  feet  less.  Tlie  time  of  rotation  of  Venus  u  an  element 
about  which  there  is  still  considerable  uncertainty,  ft  tn  sup. 
posed  to  occupy  about  twenty>tbree  hours  and  tweuly  -on* 
minutes. 
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The  orbit  of  Venue  is  remarkable  for  the  close  approach  which 
it  makes  to  a  circle.  The  greatest  distance  of  Venus  from  the  sun 
does  not  exceed  bj  1  per  cent,  the  least  distance.  Its  mean  dis- 
tance from  the  sun  is  about  67,000,000  miles,  and  the  movement 
in  the  orbit  has  a  mean  velocity  of  nearly  S2  miles  per  second,  the 
entire  journey  being  accomplished  in  2S4'70  days. 
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of  the  Earth  (low  or  (ut  ? — Coinnldaaro  of  tha  Axl*  of  Ratatlon  and  tho  Alb 
of  Elgun — Tbo  Exjitonoc  of  Iloat  in  tho  Earth— Tho  Euth  once  in  ■  iMi 
Coii'lition— £Snotaof  Centiifu^l  Kurcv — CompariwD  with  th«  Bun  anil  Jiijiitor 
— Tha  Pro(uboninr«  <it  Ihs  R(|iulor— The  Wulghing  of  th(>  Earth — Comparimi 
batWMn  flu  WtiiKhl  of  thn  Earth  and  an  equal  Glutw  of  Watvr— CompaiiiuD 
of  tbo  Bnrtb  with  a  Leaden  UIu)w — 'Iha  Fpoduliiui — X'lm  ot  tbo  I'undiiluiii  in 
JtiiuiirinK  thn  liili'nKlty  ot  (Inirilation— 'Thu  I'riuoiplo  <it  iMichroiiiian — Kliapo 
of  the  Earth  Mcaturud  hy  tho  Ponduluui. 

That  the  carih  in  a  round  hin\y  w  a  fnitli  immediutolj  wggwtod 
to  tu  by  tho  most  simple  astronomical  coneid«ratioiu.  The  Bun  10 
runnd,  the  moon  ie  round,  tck-»coi)C6  show  that  tho  p!anol«  aro 
round.  No  doubt  (x>inote  arc  not  round,  but  then  a  comot  is  not 
n  «olid  body  at  all.  Wc  can  noe  riyht  thmuf^h  a  (mnn-t.nnd  il* 
u'ci(;lit  iH  tttotmall  for  our  mvasiires  to  iijijiromtt'.  If,  tlii-n,  nil 
the  wild  bijdie*  wc  con  aee  are  round  j^IoIx-h,  iit  it  not  likely  tliat 
the  earth  is  a  globe  iilxo?  But  wc  have  for  mure  direct  informa- 
tion than  mere  surniiae. 

There  ia  no  bottiT  wny  of  actually  fteeiog  that  the  surfaoe  »E 
the  tea  ia  curved  than  by  watching  on  a  dear  day  a  dtnlant 
ship.  Wben  the  ship  i»  a  long  way  oS  and  is  still  recedine, 
its  hull  will  gradually  dia»p|H^ar,  while  the  niast«  will  remain 
visible.  On  a  fine  snmmer'a  day  we  can  t)fteD  sec  with,  or 
indeed  without  an  opera-gloss,  the  top  of  the  funnel  of  a  steamer 
appearing  above  the  sra,  whili-  the  body  of  the  steamer  is  below. 
If  tbo  sea  were  perfectly  Hat,  there  is  nothing  to  obscure  the  body 
of  tho  vessel,  and  it  therefore  would  be  visible  as  long  as  the 
funnel  remains  viaible ;  but  it  the  sea  be  nrally  curv«d  the  pro- 
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tuberant  part  intercept*  the  view  of  the  hull,  while  Ivaviag  tbv 
funnel  vijtiblc. 

We  thuit  \e&n  how  the  wo  is  curved  at  «v*rj'  port,  and  tbns 
it  is  natural  to  suppose  that  the  earth  i*  a  globe.  M'lien  wc  make 
morfl  careful  tneuEuremi'iitH  we  rind  that  the  g'lobe  is  not  perfectly 
round.  It  U  tlatteneil  to  some  vxtrnt  nt  eueli  of  the  jtolra,  This 
may  be  easily  illustrattxl  by  un  imliuruliber  globe,  which  con  be 
compressed  on  two  opjinsile  eifk-s  so  aa  to  bulge  out  at  tho  centje. 
The  earth  is  similarly  fluttened  at  the  [loW,  and  bulged  out  at  the 
equator.  The  divergence  of  the  earth  from  the  truly  globuUr 
form  is,  however,  not  very  great,  and  would  faanlly  be  noticed 
without  very  careful  Dieasuremeuts. 

The  determination  of  the  size  of  the  earth  involves  opcntions 
of  no  little  delicacy.  Very  much  skill  and  very  much  labour  have 
been  devoted  to  the  work,  and  the  dimensions  of  the  earth  Me 
Viiown  with  a  high  degree  of  accuracy,  though  perhaps  not  with 
uti  the  preeiiiion  that  we  may  ultimately  hope  to  attain.  Ilie 
scientific  importance  of  nn  accurate  measurement  of  the  earth  can 
hanlly  be  over-CKti mated.  The  radius  of  the  earth  is  itKiOf  tho  unit 
in  which  iistronomioiil  magnitudes  arc  generally  expix-jwwl.  For 
example,  when  obwrvatiowK  are  made  with  the  view  of  tindinff  the 
distuncn;  of  the  moon,  the  observations,  when  disetimcd  and  rcditeed, 
tell  UK  that  the  diHtance  of  the  moon  iu  e<inul  to  hfty-ninv  times 
tho  cquntorial  nulius  of  the  earth.  If  we  want  to  find  the  diatnnce 
of  the  monri  in  mtlea,  we  ivquii-e  to  know  the  number  of  utiles  ui 
the  cartli'M  rudiuR. 

A  level  part  of  the  enrtli'v  tmrfuce  Iiaving  been  chosen,  a  liti«  a 
few  milcN  long  is  measured.  Thin  in  ealled  the  base  line,  and  mm  all 
tbe  sulwcquent  measures  depend  on  the  base  line,  it  ia  iudtapms- 
ablc  Ihat  ihiii  measurement  lie  made  with  scrupulous  accuracy.  To 
measure  a  line  four  or  lire  miten  long  with  such  pn^neion  a»  to 
exclude  any  i<rrara  greater  than  a  few  inches,  demands  the  moct 
minute  precautions.  We  do  not  now  enter  upoD  a  description  of 
the  operations  that  are  necessary.  It  is  a  moat  laborious  piece  oF 
work,  and  many  ponderous  volumes  have  been  dcvot<'d  to  tba 
ditousBion  of  the  resulta.     But  when  a  few  base  lines  have 
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tnoHsuretl  In  difTftrcnt  plncci;  on  the  enrtV*  mirfncc,  the  mnwunDg 
rutla  WL*  to  In-  liiiil  iDiiilc,  iind  tlif  KubwitiiiiMit  Umk  of  the  vurwy  of 
the  earth  is  to  be  done  by  the  mf-iuuremetit  of  angles  und  hy  tri- 
gonoiiK'tricol  ealculations  bused  thereon.  Starting  from  u  liase 
line  u  few  mileti  long,  distHnee«  of  greater  length  are  meacured, 
until  at  length  stTeteheH  of  lltO  miles  long,  or  even  more,  can 
be  accomplinhed.  It  is  thus  poseibte  to  measure  a  long  line 
running  due  north  and  south. 

So  far  the  work  has  been  merely  tlint  of  the  terrestrial  eurveyor. 
The  distance  thus  roeaaured  is  then  handed  over  to  the  astronomer 
to  deduce  from  it  the  dimensions  of  the  earth.  The  astronomer 
fixes  his  observatory  at  the  northern  end  of  the  long  line,  and  pro- 
iicods  to  deteroiiDe  bis  latitude  by  observation.  Tliere  are  various 
«-ay8  by  which  the  latitude  is  to  be  found.  They  will  be  found 
fully  described  in  works  on  practical  astronomy.  We  shall  here 
only  indicate  in  a  very  brief  manner  the  principle  on  which  such 
observations  are  to  be  made. 

Everyone  ought  to  be  familiar  with  the  Pole  Star,  which,  though 
by  00  means  the  most  brilliant,  is  probably  the  most  important 
ttar  in  the  whole  heavens.  In  these  ]atit<ides  we  are  accustomed  to 
find  the  Pole  Star  at  a  considerable  elevation,  and  there,  night  after 
night,  we  see  it,  always  in  tfae  same  place  in  the  nortliem  sky. 
But  sup])OBe  we  start  on  n  voyage  to  the  southern  hemisphere  ;  as 
we  approach  the  equator  we  find,  night  after  night,  the  Pole  Star  is 
closer  to  the  horizon,  till  at  the  equator  the  Pole  Star  will  be  on  the 
horizon ;  while  if  we  cross  the  line,  we  find  on  entering  the  southern 
hemisphere  that  the  Polo  Star  lias  bcc-ome  invisible. 

On  the  other  hand,  a  traveller  leaving  England  for  Norway 
will  find  that  the  Pole  Star  is  every  night  higher  up  in  the  heavens 
than  he  has  been  accuittomcd  to  see  it.  IE  he  ex(«nd  hit>  journey 
farther  north,  the  Pole  Star  will  graduuUy  riiw  higher  and  higher, 
until  at  length,  when  approaching  the  ]>ule  of  the  earth,  the  Pole 
Star  is  high  up  over  hia  head.  Wc  ar«  thus  led  to  perceive  that 
the  higher  our  latitude,  tlui  higher,  in  geneml,  is  the  elevation  of 
the  Pole  Star.  But  wecjinnot  use  precise  tanguagi'  until  wn  rt-plnce 
the  Pole  Star  by  the  pole  of  the  heavens  it«vlf.     The  pole  of  tlic 
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bcnvons  le  near  the  Pole  Star,  and  tbe  Pole  Stnr  roToIvps  aroantt 
the  pole  of  the  heavens,  ae  all  the  other  stars  do,  once  every  d«y ; 
the  circle  dcBcribed  by  the  Pole  Star  is  howerw  eo  email  that, 
nnlcBS  we  pay  special  attention  to  it,  the  motion  is  not  perceived. 
The  true  pole  is  not  a  visible  point,  btit  it  is  cnpahlc  of  being: 
nvi-iirately  defined,  and  it  enables  us  to  state  willi  tlit-  utmost  pre- 
cision the  relation  between  the  polo  and  the  Intititdi>.  The  statement 
is,  iliiit  the  elevation  of  the  pole  above  the  honzon  is  equal  to  tbe 
latitixle  of  the  place. 

Tlie  aiitroiioniL'r  etationod  at  one  end  of  the  lon^  lino  measures 
th«  elcvntion  of  the  pole  above  tlic  horizon.  Tliiti  in  an  operation 
(if  some  delicacy.  In  the  first  \)hcc,  nit  the  [xde  in  inviniblc,  he  ha* 
to  measuiv,  instead  of  it,  the  height  of  the  Pole  Star  wboD  that 
height  is  greatest,  an<]  repeat  the  operation  twelve  hniira  later, 
when  the  height  of  the  Pule  Star  is  least ;  tbe  mean  between  the 
two  gives  the  height  of  the  pole,  but  this  lias  to  !«  corr^-rtwl  io 
varions  ways  which  it  is  not  necessary  for  us  here  to  disouas. 
Suffice  it  to  say  that  by  tnch  ojierations  the  latitude  of  ono  cod  of 
the  line  is  determined.  The  antronomer  then,  with  all  his  equip* 
ment  of  inatnimentB,  niovi's  to  the  other  end  of  the  line.  He  there 
repeals  the  operations,  and  he  finds  that  the  pole  has  now  a  different 
elevation,  corresponding  to  the  differeut  latitude.  The  diffcrotic-e  of 
the  two  elevations  thus  gives  him  an  accurate  measure  of  tiie 
nmnher  of  deprees  and  fractional  parts  of  a  degree  between  the 
latitudes  of  the  two  stations.  This  can  now  he  compared  vricb  tJie 
actual  distance  in  miles  between  the  two  stations,  which  Iim  been 
nEcertained  hy  the  trigonometrical  survey.  A  simple  calculation 
will  then  give  the  number  of  miles  and  fractional  i>art«  of  it  mile 
corresponding  to  one  degree  of  latitude— or,  as  it  is  more  usually 
cxpntMUfl,  the  length  of  a  degree  of  the  meridian. 

This  operation  is  repeated  in  different  parts  of  the  eaKh — in 
tli«  northern  hemisphere  and  in  the  southeni,  in  high  latitudvs  and 
in  low  latitudes.  If  the  sea-level  over  the  entire  earth  were  a 
perfect  globe,  an  important  consequence  would  follow — the  length 
of  a  degn-n  of  the  meridian  wonid  be  the  same  everywhere.  It 
would  be  the  some  in  Peru  as  in  Sweden,  the  same  in  India  a«  id 
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EBglktid.  But  the  len^hs  of  the  dL-j-rees  art-  not  all  tho  taunv,  ami 
htaoe  «fc  leani  timt  our  earth  is  not  renlly  a  Bi>Ucrc.  Th<j  nii.-)u«uri.tl 
l<!ii<rlhii  of  the  Jegreea  enable  ub  to  see  in  what  vray  the  shape  of  the 
I'lirlh  (i«-[>iirts  from  a  perfect  sphere.  Near  the  jwle  the  U-iislh  of  ft 
dcgn-e  in  luiigirr  than  near  the  equa^o^.  ITiis  ^how*  ihut  tJie  mrth 
i«  fliittrnwl  at  the  poles  and  protuberant  at  the  ecjiiator,  and  it  pro- 
vides \i3  with  the  means  of  actuallj'  calculating  the  length  of  the 
polar  and  the  equatorial  itxee. 

The  polar  axis  of  the  earth  may  be  ^lefincd  to  he  the  iihortCHt 
diameter  of  the  earth.  Thia  axis  int«n«et«  the  surface  at  tlie  north 
and  south  poles,  Amund  this  axis  tho  earth  {jcrfonns  one  rota- 
tion every  sideroal  day.  The  ndcreal  day  is  a  little  shorter  than 
the  ordinary  day,  Iwing  only  ii  houre,  50  minutes,  and  1  tteeondx. 
I'lic  rotation  is  performed  jiut  iw  if  a  rigid  axis  passed  through 
the  centre  of  the  earth ;  or,  t»  uxe  the  old  and  homely  illuHtratioa^ 
the  earth  rotates  just  as  a  tmll  of  wc>ratL-d  may  Ic  miule  to  rotate 
around  a  knitttng-ncedte  thntitt  through  its  centre,  'flie  rot^ition 
of  the  earth  U]wn  it«  axis  admiu  of  being  demonstrated  in  a  very 
remarkuhle  miiuner  by  actual  ex])cnment.  If  the  pole  of  the  earth 
were  an  attainable  point,  then  the  experiment  would  have  a  degree 
of  simplicity  that  can  only  be  partially  realised  at  other  stations. 
For  the  purpose  of  describing  the  principle  of  tliis  experiment  we 
may  inipiH>ifo  that  tJie  obscr%'cr  is  actually  situated  at  the  pole,  and 
that  over  the  point  on  tho  earth  where  the  polar  axis  intersects  the 
surface  a  lofty  dome  bus  l)ccu  i-rcetod.  From  the  summit  of  the 
dome  a  long  wire  dcsecuds  nearly  to  tho  ground,  and  to  this  a 
ponderous  weight  is  attached.  The  weight  is  to  be  dmwn  ai>id<i 
and  then  released.  Slowly  it  will  »wing  from  side  to  side,  but  the 
plane  in  which  it  moves  will  remain  invnriuhlc.  If  tho  building 
were  aUo  at  rest,  then  the  ])08ition  of  the  ]ilnno  of  oscillation  would 
remain  in  the  same  position  relatively  to  the  surrounding  wulli. 
Hut  the  building  rotates  with  the  earth,  and  will  turn  (<<j|ii|i1rlfly 
round  in  the  sidereal  day.  There  will  aeeoi-dingly  Ifc  a  change  in 
the  place  of  the  plane  of  oseiltation  relatively  to  the  building, 
which  wilt  ap|)ear  to  rotate  at  such  a  rate  that  it  wnuhl  i^>niplet«  a 
KvolulioD  in  tlie  sidereal  day.     If  the  building  be  *iluut4<d  at  lowwr 
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latitude  the  ti]>pnroiit  trlmiigf,'   in   tlu>  [ilniiu  of  oscillation 
pcndtiliim  is  not  so  mjiii],  )'ct  tlio  muvi-mcnt  of  the  plane  is  still     i 
aufiicicnt  to  he  perfectly  olwervcd,  iind  the  measured  nmouDt  of  (]ia> 
placement  of  the  plsiie  hus  been  found  to  ngree  with  tlie  amount 
val<-uhktcd  on  the  supposilioii  that  the  ejirth  rututes.    This  is  know^^ 
ns  KoucHuIt's  celebrntcd  [xiidulum  «xpcrinK-nt.  ^M 

RoKiiriling  the  earth  as  a  Hpiiitiiiig  body,  it  might  l»c  thought 
that  th<!  rotation,  beiti^  only  oni-e  iti  fnur  niimitOit  h-oM  lliiin  a  tiny  of 
twenty-four  houm,  was  a  vi-ry  slow  movement.  A  whwl  <>f  ordit 
dimcnaions  would  \w  turning  very  tilowly  at  this  rat*.*;  only,  inilee 
nhout  half  the  s))e<!<]  of  the  hour-hand  of  a  chwic.  Wkeii,  liowuver, 
the  sizo  of  the  earth  is  ttiken  into  eoiundcralion,  our  conception  of 
th«  i^ieod  will  he  ftomc^whnt  modi(l4^d.  Tlie  rwHuK  of  the  earth  ia 
80  great  that  a  point  on  the  equator  will  have  to  da«h  alon^r  at  the 
rate  of  a  thousand  miles  per  hour  in  order  to  complete  tt«  circuit 
in  th«  allotted  time. 

It  is  a  circtunstance  wurthy  of  the  very  closest  attention,  that 
the  11x18  nbout  which  the  earth  rotates  is  identieal  with  t]||^| 
shortest  diameter  of  the  earth  uk  found  by  aeluul  Kurveying.  This 
is  acoincidenee  whieh  would  l>e  utterly  inconoeivable  if  the  shape 
of  the  earth  wiu  not  in  some  way  found  to  he  connected  with  the 
fact  that  the  cArth  is  rotating.  What  connectioo  can  then  he 
traced?  I^et  us  inquire  into  the  subjert,  and  we  shall  find  that 
shajMt  of  the  eurth  ia  a  eonaeqiionce  of  its  rotation. 

The  eartJi  at  the  present  time  is  subject,  at  various  localitivfl,  to 
occasional  volcanic  outbreaks.  The  phenomena  of  volcanoea,  tl 
allied  phenomena  of  earthquakes,  the  well-known  fact  that  the  bei 
inereasps  the  <lecjM.-r  we  desei-nd  into  the  earth,  the  existence  of  ho^j 
Bpriiign,  the  gey»cn>  found  in  Iceland  and  elwwherv,  all  testify  t^H 
the  fact  that  heat  fx'wi*  in  the  inlerinr  of  the  earth.  Whether  that  ' 
lieat  be,  aa  some  Hiip[H>Ne,  univenud  in  the  interior  of  thv  earth,  or 
whetlier  it  be  metely  local  at  the  several  plio^-s  where  itn  nianif<.«ta-  i 
lions  are  felt,  is  a  matter  which  need  not  now  concent  na.  All  tli^^| 
ia  neceSFar^'  for  our  ]>resi>nt  puri)riM!  !•  the  atimixeiiou  tlwt  heat  i^^ 
preaent  to  some  extent.  This  internal  heat,  Ix-  it  much  or  littli 
has  obviously  a  diSereut  origin  to  the  heat  which  wc  know  on 
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itiirfaee.    TIio  heat  we  enjoy  is  derived  from  the  bud.    The  iiitomal 
hwit  oaiiiiot  Imve  been  derived  from  the  nun ;  its  intffiisity  i«  far 
too  gn-at,  and  there  are  other  insiipvmble  diflieultiea  attending  the 
KuppoRition  that  it  has  eomc  from  the  »wn.     Where  then  has  this 
heat  come  from  ?    Thia  it;  n  qiiwtion  which  at  pre§ent  we  win 
hardly  answer — nor,  in(lcc<d,  docH  it  miieh  coneero  our  argument 
that  we  should   answer  it.     The   fuet   Uiat   tlie   heat   la  there 
being  admitted,  all   tliat   wc   re(]iiir»'  in   to  apply  one  or  two  of 
the  well-known  laws   of  heat  to  the   interprelation  of   the  facts. 
We  have  first  to  consider  the  well-known   law   by  wbieh  heat 
tends  to  diffuse  itself  and  spreiul  away  from   ita  original   soun»t, 
The  heat,  deep-seated  in  the  interior  of  the  eailh,  tends  to  pene- 
tiat«  throngh   the  superinewmlient    rotkn.  and  (iliiwly  reai-hes  the 
surfaee.      It  is  trae  that  the  rocks   and  materials   with   wbioh 
our  earth  is  covered  are  not   good  condtictont  of  heat;   most  of 
them  are,  indeed,  extremely  bud  eondiietore  of  hont;   hut  good  or 
liiid,  they  nevertbeless  are  eonducton,  and  through  tbem  tlie  heat 
must  creep  to  the  surface.     It  cannot  be  iir^d  ugaiiiKt  thi«  con- 
clusion that  n-e  do  not  feel  this  heat.     A  few  feet  of  brickwork  will 
•0  keep  in  the  beat  of  a  mijrbty  blant  furnace  that  but  little  will 
escape   through  the   bricks;    hut  tomi'    beat  does  escape,  and  the 
bricks  have  never  been  niude,  and  so  far  as  we  know,  never  could  be 
made,  which  would  absolutely  intercept  all  the  beat.     If  a  few  feet 
of  brickwork  etm  thus  nearly  mask  the  heat  of  a  furuace,  cannot 
MORie  scores  of  miles  of  nw-k  nearly  mask  the  heat  in  the  depths 
of   the   earth,  even   though   that    heat  were  seven   timea  hotter 
than  the  migbtit«t  fonuK-e  (hat  ever  existed?    llie  heat  would 
eMajie  wlonly,  and  perhaps  impertvptihly,  but  unless  all  our  know- 
ledge of  nature  ia  a  delusion,  no  rocks,  however  thick,  eaii  prevent, 
in  the  eourae  of  time,  tbc  Wukaftc  of  (he  heat  to  the  surface. 
When   this  heat  arrives  at  the  surface  of   the  earth  it  must,  in 
virtue  of  another  law  of  heat,  gradually  radiate  away  and  he  lo«t. 

It  would,  perhaps,  tend  us  too  far  to  discuss  some  of  the  objec- 
tions wbieh  may  hn  raised  against  what  we  tiave  here  stated.  It  is 
often  said  that  the  heat  in  the  interior  uf  the  earth  is  htittg 
produced  by  chemical  combination  or  by  uH'chamtal  proctss,  and 
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tliae  thnt  l!ie  heat  may  W  constantly  renewed  as  fast  or  ov« 
fast«r  than  it  eseaj^s.  Tliis,  however,  i»  more  a  differenc* 
form  tlian  in  substance.  If  heat  be  produccO  in  the  way  jni 
eup|x)se<l  (and  there  can  be  no  doubt  that  there  may  bt-  Biich 
an  origin  for  some  of  the  heat  in  the  interior  of  the  ^lube)  tltcre 
must  be  a  oertaiu  expenditure  of  ehemical  or  mechanical  enerfpM 
that  produces  a  certain  crhaiwtion.  For  every  unit  of  heat 
which  escapes,  there  will  either  be  a  !o§s  of  an  unit  of  Iwnt  from 
ihc  t^lobe  or,  what  comes  nearly  to  the  same  tbin^;,  a  Iukk  nf  an 
unit  of  bcat-makinjT  power  from  the  chemical  or  the  mot-ttanimJ 
cnercpiw.  The  subi^tniilial  rexiilt  ie  the  mmc,  the  boat  of  the  Mrtli 
must  bff  diiTciisiiiff.  It  bIhiiiUI,  of  course,  U-  obeerved  that  a  great 
part  of  till'  ewapft  of  hwit  from  thccui'fh  ik  of  an  obvioua  charvctrr, 
iind  not  dependent  npcn  the  rIow  pi<<K  -^-i-:  »f  conductinu,  Eaeh 
outburst  of  a  volcano  diocliargies  a  «tu]icndouK  ([uantity  of  htmt 
which  disapponn*  very  speedily  from  the  earth ;  while  in  many 
pliiciii,  HH  in  the  hot  springs,  there  in  a  perennial  dixcliarge  of  heal 
whi<-h  muxt  attain  enormous  proportions.  m 

The  enrtb  i*  thus  logiiig  heat;  but  the  earth  never  gains  any 
heat  to  replace  the  losses  of  beat  or  of  hcat-makiiiff  power.  The 
conMMjuencc  i*  obvious;  the  interior  of  the  earth  mu»t  be  (growing 
colder.  No  dciubt  this  is  an  extr^tmcly  slow  proeesx ;  the  life  of  an 
individuitl,  the  life  of  a  nation,  ])erhups  the  life  of  the  human  nee 
itKclf  hati  not  been  long  enough  to  nitnetw  any  pronounct^l  change 
ia  the  store  of  terrestrial  heat.  Rut  the  law  vt  inevitable,  and 
though  the  decline  in  heat  may  be  tflow,  yet  it  is  continiioua,  and 
in  the  lapse  of  ages  must  necesxarily  jiroduee  grtnt  and  imiiortant 
effects. 

It  n  not  our  present  purpose  to  attempt  to  make  any  forecast 
aa  to  the  future  eSecta  on  the  earth  which  may  arise  from  thi 
|)rocea8.     We  wish  at  present  rather  to  look  back  into  past  tic 
and  see  to  what  results  we  are  inevitably  led  ;  and  here  we  ntay 
once  dismiss  as  inaiipreciable  such  intervals  of  time  as  we  are  famitti 
with  in  ordbary  life  or  even  in  ordinary  history.     As  the  earth  il 
daily  Wing  internal  heat,  or  the  cqtiivalcnt  of  h«at,  the  earth  mturt' 
have  had  more  beat  yesterday  than  it  had  to-day,  mvn  last  year 
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thftn  this  year,  more  twenty  jreara  «go  thau  ten  f  enre  agn.  The 
cffuc't  has  not  been  appreciable  in  hifitoric  time;  but  when  we  rine 
from  hundreds  of  years  to  thoueaods  of  years,  from  thousands 
of  years  to  hundreds  of  thousands  of  years,  and  from  hundrrde  of 
thouisaudE  uf  rears  to  millions  of  years,  the  effect  is  not  only 
apiirccialilD  but  even  of  startling  magnitude.  Then.-  must  huv<- 
be«n  a  time  when  the  earth  contained  much  more  heat  thna  al 
prewMit.  There  must  have  been  a  time  when  the  rarfoce  of  the 
earth  was  Hcnsibly  hot  from  thin  Buurt-o.  Wv  cannot  prct«nd  to 
say  how  many  thontands  or  millions  of  yesrK  ago  thix  epoch 
was;  but  of  tliin  we  may  be  sure,  that  earlier  atill  the  earth 
was  hotter  still,  until  at  length  we  find  the  t<.-mpcrature  in- 
crease to  a  red  heat,  from  a  red  heat  we  look  bui^k  to  a  titill 
earlier  ago  when  the  mrth  was  white  hot,  back  again  till  we  find 
the  Kurfacii  of  our  now  solid  earth  was  actually  molten.  Wc  need 
not  push  tbc  retrospect  any  further  at  preient,  and  still  leftx 
is  it  necesmry  for  u«  to  attt-mpt  to  assign  the  prolwible  origin 
of  that  heat.  This,  it  will  be  obsen-ed,  is  not  recjtiired  in  our 
argument.  We  find  heat  now,  and  we  know  that  beat  is  l)cing 
lost  every  day.  From  this  the  conclusion  that  we  have  alrcatly 
(Inwn  seems  inevitable,  and  thus  we  arc  conducted  biick  to  some 
remote  e]ioch  in  the  abyss  of  time  past  when  our  solid  eartJt  was  a 
globe  molten  and  soft  throughout. 

A  dewdrop  on  the  petal  of  a  flower  is  nearly  glolwilar ;  but  it 
is  not  (jnite  a  globe,  becatiso  the  gniritation  prciBtcs  it  against  the 
Hower  and  somewhat  distorts  the  shape.  A  falling  dnjp  of  rain  is 
a  globe :  a  drop  of  oil  suspended  in  a  liijiiid  with  which  it  doe^  not 
mix,  formx  a  globe.  Passing  from  small  things  to  great  things, 
let  us  endeavour  to  conceive  a  stu]x-»d<iuii  globe  of  molten  matter. 
Let  that  globe  be  as  large  as  the  earth,  an<l  let  its  materials  be  so 
soft  M  to  oW-y  the  forces  of  attraction  exertwl  by  cju-h  part  of  the 
gloW  on  all  the  other  parts.  Tliere  can  be  no  doubt  as  to  the 
effect  of  th<w  attractions,  they  would  U^nd  to  smooth  down  any 
irregularities  on  the  surface  just  in  the  same  way  oji  l!ie  surface  of 
tho  ocean  is  smooth  when  freed  from  tlic  disturbing  influences 
of  Uw  wind.     We  might  therefore  exiKct  that  our  molten  gh>be, 
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isolated  from  all  external  interference,  would  Bttam«  the  form  of  a 
lipherc. 

But  now  suppose  that  this  great  spliere,  which  we  have  hitherto 
assumi'd  to  be  at  rent,  is  made  to  rotate  round  nil  axis  pasNin^ 
through  its  centre.  We  need  not  stipixiM-  that  tliiH  axis  is  a  omterul 
object,  nor  are  we  concerned  with  any  »upiioiiit inn  as  to  how  the 
velocity  ©£  rotation  waa  caused.  We  can,  however,  easily  see  what 
the  consequence  of  the  rotation  wouhl  be.  The  sphere  would 
become  deformed,  the  centrifu^i^l  force  would  make  the  molten 
body  bulge  out  at  the  equator  and  flatten  down  at  the  pole*.  The 
grciitor  the  velocity  of  rotation  the  greater  would  be  the  bulffin}*. 
To  each  velocity  of  rotation  n  certain  degree  of  bulging  would  bw 
appropriate.  The  molten  earth  then  bulged  out  to  an  extent  which 
was  dependent  upon  the  fact  that  it  tnmed  rocind  onoc  u  day. 
Now  suppose  that  the  rartb,  while  still  rotating,  coinmencea  to 
pass  from  the  liquid  to  the  solid  state.  The  form  whJeli  the  earth 
would  assume  on  consolidation  would,  no  doubt,  be  very  im'|>ular 
on  the  surface;  it  would  bo  irregular  in  consec|Ucncc  ot  the 
upheavals  anil  the  outbunits  incident  to  the  iran«forniati»n  of  so 
mighty  n  muss  of  matter  ;  but  irregular  though  it  be,  we  CMi  bo 
cure  that,  on  the  whole,  the  form  of  the  earth's  surface  would 
eoiDcide  with  the  shape  which  it  had  assumed  by  the  movement  of 
rotation.  Hence  wo  con  explain  the  protuberant  form  of  th« 
equator  of  the  earth,  and  wc  can  appeal  to  that  form  in  ctorroboni- 
tion  of  tlie  view  that  the  earth  was  once  in  a  coft  or  molten 
condition. 

The  argument  may  be  •upportcd  and  illaatiated  by  oompwing 
the  thapc  of  our  earth  with  the  shapes  of  some  of  tlu  otlier 
otlestiol  hodic«.  The  sun,  for  instance,  tecems  to  be  almort  i 
|»erfcet  globe.  No  mcaKum  that  we  van  make  show  that  tbt 
jxtlar  diameter  of  the  sun  is  shorter  than  the  equatorial  diameter. 
But  Uiis  is  what  wc  might  have  expected.  No  doubt  tlio  sttn 
ia  rotating  on  ita  axis,  and  aa  it  is  the  rotation  that  eauoee  the 
protubciancc,  why  iiliould  not  the  rotation  have  deformed  the  sod 
like  the  earth?  The  proljabilily  is  that  a  difTcrenoc  mlly  doc* 
exist  between  the  two  diameters  of  tiie  sun^  but  tlut  tlu  difft 
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JE  too  Mnall  for  us  to  mwuuiv.  It  ia  impoaRiklc  not  to  connect  tlii» 
with  the  mIowkm*  of  the  lun'H  rotation.  The  itun  takM  twentjr-five 
<]aya  to  complete  a  rotation,  and  the  protiibcniiice  approprinte  to 
to  low  a  velocity  ia  not  apprecialile. 

Oit  the  other  hand,  when  we  look  at  one  of  the  quickly-rotatinff 
planets,  we  obtain  a  very  different  result.  Let  ub  take  tlie  moat 
striking  ioHtance,  which  is  presented  in  the'  great  planet  Jtipitor. 
Viewed  in  the  teleecope,  Jupiter  la  eeeo  at  once  not  to  be  a  globe. 
The  differenee  is  indeed  so  conspicuous,  that  measures  are  not 
necessarjr  to  show  that  the  polar  diameter  of  Jupiter  is  shorter  than 
the  equatorial  diamct«r.  The  dcpnrlnre  of  Jupiter  from  the  tmly 
dpherical  shape  is  indeed  much  f^atirr  thiin  the  dejiarture  of  the 
earth.  It  is  impocfiiljlu  not  to  connect  this  with  the  much  more 
rapid  rotation  of  Jupit«r.  \^'o  elmll  pn-ecntly  have  to  devote  a 
chapter  to  the  consideration  of  this  Kplcndid  orb.  We  may,  how* 
ever,  so  far  anticipate  what  we  kIiuII  then  say  as  to  state  that  tlie 
time  of  Jupiter's  rutntion  is  nndur  ten  hours,  ami  this  notwith* 
standing  the  fact  that  Jiipitvr  is  morv  than  one  thousand  times 
greater  than  the  earth.  The  enormously  rapid  rotation  of  Jupiter 
has  caused  him  to  bulge  out  at  the  equator  to  a  most  remarkable 
extent. 

The  survey  of  our  earth,  and  the  measurement  of  its  dimensions 
having  been  accomplished,  the  next  operation  for  the  astronomer 
is  tbe  determination  of  its  weight.  Here,  indeed,  is  a  problem 
which  taxes  the  resources  of  science  to  the  very  uttermost.  Of  the 
ioterior  of  the  earth  we  know  little — I  might  almost  say  we  know 
nothing.  No  doubt  we  sink  dct-p  mines  into  the  earth.  These 
mines  enable  ua  to  penetrate  half  a  mile,  or  even  a  whole  mile, 
into  tlie  depths  of  the  interior.  But  this  is,  after  all,  only  a 
most  insignificant  attempt  to  explore  the  interior  of  the  earth. 
What  is  an  advance  of  one  mile  in  comparison  with  the  distance  to 
the  centre  of  tbe  earth?  It  in  only  about  one  four-thousandth  [>art 
of  the  whole.  Our  knowledge  of  tlio  earth  merely  reaches  to 
an  utterly  insignificant  depth  below  the  Mtirfacc,  and  we  have  not 
a  conception  of  what  may  be  tlw  nature  of  our  gl(il>p  only  a  few 
milea  below  wlicio  w«  are  standing.     Seeing,  then,  our  almost 
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vompldc  ignorance  of  th«  Hcilid  contents  of  the  earth,  doc« 
not  »ccm  ft  hopeless  task  to  attempt  to  weigh  the  entire  globe 
and  tl(.'termine  it«  weight?  Yet  that  problem  luis  been  solved, 
and  the  wcif-ht  of  the  earth  is  known — not,  indeed,  with  tlie 
accuracy  attained  in  other  astronomical  researches,  but  still  wiUi. 
a  tolerable  spgirosimation. 

It  is  needless  to  enunciate  the  weight  of  the  earth  in  onr  or 
nary  units.     The  enomeration  of  billions  of  tons  does  not  eonvey 
any  distinct  impression.    It  is  a  far  more  natural  course  to  compiuv 
the  mass  of  the  earth  with  that  of  an  equal  globe  of  water.      W'v 
should   be   prepared  to  find   that  our  earth  was  heavier  than  ui 
an  e<]ual  globe  of  water.     The  rocks  which  form  its  Eurfac«>  are 
heavier,   bulk  for  bulk,   than   the  oceans  which  repose  on   tboKc 
rooks.     The  abundance  of  mrtals  in  the  earth,  the  gradual  incnuM* 
in  the  density  of  the  earth,  which  must  arieo  from  the  enormous 
pressure  at  great  depths— all  thc«o  connderations  will  prepare  lu 
to  leiim  that  the  mrtb  is  very  much  heavier  than  a  globu  of  wstor 
of  equal  »ize.     Newton  supposed  that   the  earth  was  wmewtiert- 
between  five  and  six  times  as  heavy  as  an  equal  bulk  of  w»tor. 
Nor  is  it  hard  to  sec  that  such  a  suggestion  is  ]>Uusible.     The 
jocks  and  matcriuU  on  the  surface  arc  usually  about  two  or  tlirvv 
times  as  heavy  as  water.     There  is  certainly  a  vast  quantity  of  in^n 
in  the  earth.     It   hat   boon  supposed  that  down   in   tbe  remote 
depths  of  the  earth  there  is  a  very  large  projiortion  of  iron.     Now 
an  iron  earth  would  weigh  about  seven  times  as  much  as  an  e«]ual 
globe  of  water.     Wc  an!  thus  led  to  sec  that  the  earth's  weight 
must  he  probahty  more  than  tlircc,  and  probably  less  than  seven, 
times  an  cquiil  globe  of  water;  and  hence,  in  fixing  tho  deuaitr 
between    live  and  six,  Kcwtcm  adopted  a,  result  ]>lanEible  at   the 
moment,  and  since  iibown  to  be  probably  correct.     Several  tnethndii 
have   been   pro]>oi>ctl   by   which   this   important   question    can    be 
solved  with  accuracy.     Of  all  tJicse  methods  no  shall  here  only 
doscnbc  one,  U'cauee  it  illustrates,  in  a  vciy  remarkable  matutn-, 
the  law  of  universal  gravitation. 

I II  our  chapter  on  gravitation,  it  waa  pointed  ont  that  the  force 
of  gravitation  between  two  masses  of  moderate  dimensions  was 
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extreme))-  minute,  and  tJtc  <lilfiou1ty  in  wvifjhiiif;  tht  Mltb  arises 
from  thiit  cause,  llic  [tracticul  appHcntion  of  tli<!  process  is  en> 
cumbercil  by  multitudinous*  detniU,  which  it  will  bo  unncocwary 
for  us  to  contiidcr  at  present.  The  jirinciplo'  of  the  process  i>i 
simple  enough.  To  give  dcliniteucw  t«  our  dtvcription,  let  us 
oonceix'o  a  Inrge  globe  about  two  feet  in  diameter;  und  as  it  is 
desirable  to  have  this  globe  as  heavy  as  possible,  let  us  suppose 
it  to  lie  made  of  lead.  A  small  glol>e  brought  near  the  large 
globe  is  attracted  by  the  force  of  gravitation.  Tln^  amount  of  tliia 
attraction  is  extremely  small,  but,  nevertheless,  it  can  be  measured 
by  a  Tvfine'I  process  which  renders  eictremely  small  forces  sensible. 
The  intensity  of  this  attraction  depends  both  on  the  masses  of  the 
globes  and  on  their  dietaiut;  apart,  as  «-i-ll  as  on  the  force  of 
gravitation.  AVc  can  nUo  readily  measure  the  attraction  of  the 
•  urth  ujion  the  email  globe.  Tliis  iit  in  fact  nothing  more  nor  less 
thun  thi.'  weight  of  the  small  globe  in  the  ordinary  acceptation  of 
tho  wotrl.  Wo  thus  can  compare  tlic  attraction  exerted  by  the 
leaden  globe  with  tlie  attraction  exerted  by  the  curtli.  If  the 
centre  of  tho  cart.h  and  the  centre  nf  the  leaden  globe  were  at  the 
vnme  dixtancv  from  the  altnMtvd  body,  then  the  intensity  of  th«r 
attnctions  would  give  at  once  the  ratio  of  their  masses  by  simple 
proportion.  In  this  case,  however,  matters  iirv:  not  no  simple;  the 
leaden  ball  is  only  distant  by  a  few  inches  from  the  attracted 
ImII,  while  the  centre  of  the  earth's  attraction  is  nearly  4,0U0 
miles  away  at  the  centre  of  the  earth.  Allowance  has  to  be  made 
for  this  difference,  and  the  attraction  of  the  leaden  sphere  hoa  to 
be  reduced  to  what  it  would  be  were  tt  removed  to  a  distaiico 
of  4,000  miles.  This  can  fortunately  bu  effected  by  a  simple 
calculation  depending  ii[)on  the  great  law  that  the  intensity  oF 
gravitation  varies  invcmely  as  the  Sijiinro  of  the  distanoe.  We  «in 
thus,  partly  by  ciilculalion  and  partly  by  ex[>crimcnt,  compare  the 
intenaity  of  the  attraction  of  the  leaden  splivre  with  the  attraction 
of  the  ttarth.  It  is  known  that  tlie  attnietions  are  propurtiona)  to 
the  mas>«-s,  so  that  thus  the  comparative  moMcis  of  tlie  earth  and 
of  the  leaden  sphere  have  been  measured;  and  it  has  Ixi-n  ascer- 
tained that  the  earth  is  about  half  as  heavy  as  a  globe  of  lead 
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of  equal  size  would  be.  We  may  thus  stnte  finally  that  the 
mass  of  the  earth  is  a  little  more  than  fire  times  as  great  aa  tlie 
mass  of  a  plobc  of  water  equal  to  it  in  bulk. 

We  have,  in  our  chapter  on  Gravitation,  mentioned  the  fact  that 
&  body  lot  Fnll  near  tlio  eurfncc  of  the  earth  moves  through  sixt«en 
feet  in  thi«  first  second.  This  distaneo  varies  slightl}*  at  different 
parts  of  the  i-arth.  If  tlii'  earth  were  perfectly  round,  tlien  the 
attraction  woiild  In;  Ihi,'  «imc  at  every  part,  and  the  body  woold 
fall  through  the  winio  distance  everywhere.  Tlie  earth  ia  not 
round,  eo  the  distance  which  the  body  falls  in  one  second  differs 
slightly  at  different  places.  At  the  pole  the  radius  of  the  earth 
is  shorter  thau  at  the  equator,  and  acoonlinfrly  the  attraction  of 
the  earth  at  the  pole  is  greater  than  at  the  c()untor.  If  we 
had  the  means  of  measuring  cxaelly  the  distance  a  Ixidy  would 
fall  in  one  second  itt  t!i>;  pole  and  at  the  iijuator,  we  would  have 
the  mean*  of  asoertaining  the  actual  shape  of  the  <«rth. 

It  i«,  however,  diHtcult  to  measure  accurately  tho  distant'e  a 
lody  will  fall  in  one  eccond.  We  have,  therefore,  Iweii  obliged 
to  resort  to  other  mcun*  for  mcanuring  the  force  of  attraction 
of  the  e-arth  at  the  ctjuntor  an<i  nfhcr  acrcwible  parts  of  itd  nur- 
faee.  llie  metliodf  ndniited  nn.>  fdundctl  on  the  pendtilnto,  which 
is  at  the  aame  time  the  simplest  and  one  of  the  most  iiM-ftil 
of  philosophical  instruments.  The  ideal  i>euduliim  is  a  small  and 
heavy  wi-t^1it  suspended  from  a  fixed  point  by  a  tine  and  flexible 
wire.  If  we  draw  the  pendulum  aside  from  its  vertical  poeition 
and  then  releaae  it,  the  wei;;ht  will  swin^  to  and  fro. 

For  its  journey  to  and  fro  the  pendulum  requires  a  certain 
amount  of  time,  but  this  time  does  not  appreciably  depend  on  tht 
length  of  the  arc  through  which  the  pendulum  awingx.  Tq 
verify  this  very  remarkable  law,  suspend  another  |>(-ndiiluin 
bestile  the  lin>t,  both  being  of  the  same  length;  draw  Uitlt  peit- 
dulnmj  aside  and  Kleasc  them :  they  swing  toj^tlier  and  n>tum 
togcUier.  Tliis  might  have  been  rspecU^.  But  it  we  draw 
one  [icndulum  a  great  deal  to  one  aide,  and  the  other  only  a 
little,  the  two  pendulums  still  swing  aympatlietii'ally.  This, 
perhaps,  would  not  have  been  expeoted.     Tiy  it  again,  with  «v«b 
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a  still  greater  differi>nce  in  the  an;  of  vibration,  and  Htill  we  see 
the  two  weiglits  occupy  tlie  aame  time  for  the  ftvriiig.  We  can 
vary  the  experiment  in  another  way.  Let  us  change  the  weights 
on  the  pendulums,  so  tliat  they  are  of  unetjual  »\f.e,  though  both  of 
iron.  Shall  we  find  any  difTcrence  in  the  periods  of  vibration? 
We  try  again:  the  jieriod  ia  the  same  as  before;  swing  tliem 
through  different  ares,  large  or  email,  the  period  is  still  the  same. 
But  it  may  be  said  that  this  is  due  U>  both  weights  being  of  the 
same  materia).  Try  it  again,  using  a  li-adcn  weight  instead  of  one 
of  the  iron  weights;  the  result  is  identical.  Even  with  a  bolt  of 
wood  the  period  of  oscillation  is  the  wime  as  tlut  of  the  hull  of 
iron,  and  this  is  true  no  matter  what  be  the  arc  through  which  the 
vibration  takes  pluce. 

If,  however,  we  change  the  Unslh  of  the  wire  by  which  the 
weight  is  supported,  then  the  period  will  not  remuin  uncbuuged. 
This  eun  be  very  eattily  illustiated.  Take  a  short  |>cndu1iim  with  n 
wire  only  one^fourth  of  the  length  of  the  long  pendulum ;  suspend 
the  two  cloee  together,  and  comi»are  the  i»eriod*  of  vibration  of  the 
short  pendulum  with  that  of  the  long  one,  and  we  find  that  the 
short  pendulum  has  a  period  only  half  that  of  the  long  one.  We 
may  state  the  result  generally,  and  say  that  the  time  of  vibration 
■>f  a  pendulum  is  proportional  to  the  square  root  of  \U  length.  If 
wc  quadruple  the  length  of  the  pendulum,  we  double  the  time  of  its 
vibratioui  if  we  increase  the  length  of  the  pendulum  ninefold,  wo 
increase  ita  ])eriod  of  vibration  threefold. 

It  is  the  gravitation  of  the  earth  which  makes  the  pendulum 
swing.  The  greater  the  gravitation,  thy  more  rapidly  will  llie 
pendulum  oscillate.  This  will  be  easily  aeeountod  for.  If  the  earth 
pulls  the  weight  down  very  quickly,  thn  time  will  be  very  short ;  if 
the  power  of  the  earth's  attraction  txj  lessoned,  then  it  cannot  pull 
the  weight  down  so  quickly,  and  the  ]ieriod  will  he  teuglhcm'il. 

It  is  possible  tn  detennin-  the  time  oft  bnition  of  the  iien- 
dulum  with  great  aecuniey.  Lot  it  swing  for  10,000  oscil- 
Litions,  and  measure  the  time  tlmt  thiaw  owillutions  have  <<op- 
sumed.  Tlie  arf  through  which  the  pendulum  swings  may  not  lu 
quite  Constant,  but,  u  wo  bare  seen,  this  does   not  a{if>i«i'iably 
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aSect  the  ^iW  of  its  oscillation.  Suppose,  then,  that  an  error  of 
a  second  is  made  in  the  determination  of  the  time  of  10,000  oscil- 
lations ;  this  will  only  entail  an  error  of  thi-  t«n-tbourandth  port  of 
the  second  in  the  time  of  a  single  oscillation,  and  will  givo  n  corr«- 
Mpondiiig'ly  accumtc  determination  of  the  ffmvily. 

Take  a  p«ndulum  to  the  equator.  Let  it  perform  10,000  oact]- 
lafioiiK,  mill  dctermini;  carefully  the  time  that  these  oseillatioiw 
have  required.  Brin^  the  snme  pendwltim  to  another  [mrt  of  the 
cartli,  and  rcfwat  the  exjierinient.  We  have  thus  a  menns  of  com- 
paring the  graviltilion  at  the  two  places.  There  are  no  doubt  a 
inulUtudc  nf  prei^aulions  to  he  observed  which  need  not  liere  con- 
cern UH.  We  need  not  here  enter  into  details  as  to  the  manner  in 
which  the  motion  of  the  pendulum  is  to  Ik  sustained,  nor  an  to  tlis 
effects  of  changes  of  temperature  in  the  alteration  of  ite  ]en^li.  It 
will  suffice  for  us  to  see  how  the  time  of  the  )>endulum'a  »vrtag 
can  be  measured  accurately,  nud  how  from  that  measurement  t^L 
intensity  of  gravitation  can  ho  calculated.  ^^H 

The  pendulum  thus  cufthlcM  utt  to  make,  with  the  highest  derive 
of  accuracy,  a  •jravitational  survey  of  the  surface  of  the  earili.  Wo 
cannot,  however,  infer  that  gravity  alone  affects  the  oscillations  of 
the  pendulum.  W^o  have  seen  how  the  earth  rotates  oa  ita  ax'u, 
and  we  have  attribtitod  to  this  rotation  the  bnlgin;*  of  the  earth  at 
the  equator.  Rut  the  ccntrifu«;al  force  ari»inj;  from  the  rotation 
aSects  bodies  on  the  surface  of  the  earth.  It  has  the  effect  of 
decreasing;  the  weight  of  bodies,  and  thin  effect  in  greati-st  at  the 
equator,  and  lessens  gra^lnally  as  we  appmacli  the  poles.  From 
thia  cause  alone  the  attraction  of  tiie  pendulum  at  Uic  e([UBtor  is 
less  than  elsewhere,  and  therefore  the  oscillations  of  the  [wndulum 
tliere  will  take  a  longer  time  than  at  other  localitie*.  A  part  of 
the  apparent  change  in  gravitation  is  thus  merely  due  to  the  centri- 
fugal force ;  hut  there  is,  besides  this,  a  real  change  in  gravitation. 
At  a  hasty  glance  it  might  he  thought  that,  as  there  wa^  a  pro. 
tuberance  of  matter  at  the  equator,  there  ought  to  be  a  greater 
attraction  at  the  eipiutor  timn  elxcwhere.  This  is  not  vo.  The 
effect  of  the  addiliunal  mutter  is  more  than  compensated  by  the 
greater  dintance  of  the  pendulum  fram  the  eentn  of  the  eartlL 
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Indeed,  a  moment's  reflection  will  Bhow  that  the  pcndnlnm  at  the 
pole  IB,  on  the  whole,  nearer  to  the  man  of  the  earth  generallj  than 
the  pendulum  is  at  the  equator.  It  flhows,  in  a  very  marked  way, 
how  the  researches  in  different  branches  ot  science  are  interworen 
when  we  find  that,  by  merely  8wing:iDg  a  pendulum  at  different 
parts  of  the  earth,  ne  are  enabled  to  determine  its  thape  aa  ac- 
curately as  by  the  elaborate  measurements  of  the  arcs  of  the 
meridian  made  at  different  parts  of  the  earth. 

We  defer  to  a  future  chapter  the  important  phenomenon  of  the 
earth's  movement,  which  is  known  as  "  precession."  In  a  work 
on  astronomy,  it  does  not  come  within  our  scope  to  ent«r  into 
further  detail  on  the  subject  of  our  planet.  The  surface  of  the 
earth,  its  contour  and  its  oceans,  its  mountain  chains  and  its  rivers, 
are  for  the  physical  geographer;  while  its  rocks  and  their  contents, 
its  volcanoes  and  its  earthquakes,  are  to  be  studied  by  the  geologistfl 
and  the  physicists. 
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CHAPTKR  X. 


MAILS. 

Our  nmiror  Ncifrhhonta  in  tlie  Hustcdb— SurftiM  of  Man  wn  bn  Ruinin«d  la  Um 
Telescope  ILpmarkablu  Ortilt  iif  &Un>~K«*Rnililitiu<u  of  Man  to  a  Star^ 
MuuiiiiiK  ot  (>ppo»illi>n— Tho  Ecccotricily  t>(  tho  Otl.lt  (i(  Mara  — DiOarcnt 
0)>pomtii>n*  "t  Mum— AppBrent  MowraentoM  the  llanol— Rftort  <rf  tba  Kartli'i 
Mavament — Hrn9iinTiiii.^nl  of  tlio  DiitiLnce  of  Man — TheurctJral  InvuMiflalloB 
of  tlio  Suii'it  DisUini'd — Dmwing*  of  Ihn  llniiiit^Iii  them  Snow  o<i  Man?— 
Tlio  ItoUlion  of  the  riunct— GraTHatioD  on  Man— IIw  Blani  any  Salc-lllttB  ?-• 
Mr.  Atuph  Uoiragtoit  ni4i'UTi>ry~'rbo  Buvolutiviu of  tba SatolUbw— Douhm 
nnd  I'liobos— OuUivcr'a  Travola. ', 

The  special  rclatinn  in  whidi  we  stand  to  one  planet  of  our 
8y«tom  hjut  l]l^Cl.■H8itAtcd  ft  somewhat  difTcrciit  trcatmeat  of  that 
]>1aiict  from  the  trcntmcnt  9])i)r0]>riut«>  to  tlie  olhi're.  We  di«ciisMd 
Mercury  mid  Wdus  as  distant  object*  known  chiefly  by  tfile-soopio 
rexmrch,  and  by  cnlciilatloiiH  of  nliioh  utronomtcal  obsK-rvationa 
were  tbu  foundittion.  Our  knowledge  of  the  earth  is  of  u  difTerent 
chftract<T,  nml  nltflined  in  «  different  way.  Yet  it  was  neoetmaiy  for 
nymmetry  thiil  we  «bould  diiwuatt  the  earth  after  tho  planet  Vonua, 
in  order  to  give  to  the  earth  it«  true  )iot(ition  in  tho  solar  «y8t«in. 
But  DOW  that  th«  earth  hati  been  ]«S!ti'd  in  our  outward  pr«)j*reM 
from  the  Run,  n-e  come  to  tlie  planet  MurM ;  and  hvne  a^iu  wc 
resume,  though  in  a  somewhat  modified  form,  tlie  iDOthods  that 
were  appropriate  to  Venus  and  to  Mercury. 

Venus  and  Mare  have,  from  one  point  of  view,  quite  peculiar 
claims  on  our  attention.  They  are  our  nearest  planetary  neigh- 
bours, on  either  side.  Wc  may  naturally  expect  to  learn  tavn 
oE  them  than  of  th<]  other  ]>lancts  farther  oif.  In  the  caae  o( 
Venus,  however,  this  anticipntion  can  hanlly  be  realised,  for,  as  m 
have  already  pointed  out,  itx  daxzlin^  brilliaucy  prevents  u»  From 
making  a  n»tly  salisfttotory  teleocoinc  examination.   When  we  turu 
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to  our  other  planetary  nciglibntir,  Man,  we  are  enabled  to  learn  a 
goml  deal  vrilli  n^rd  to  hia  npixaranc«.  Indeed,  with  the  excep- 
tion of  the  moon,  we  are  bett«r  acquainted  with  the  details  of  the 
fiurface  of  Mi\rs  than  with  thoae  of  any  other  celestial  bodj. 

Thie  very  beautiful  planet  ofTera  many  feature*  for  ennaideratioo 
beoides  those  prMt-nted  by  lU  pliynioal  Htnuiture.  The  orbit  of 
Mars  is  a  very  remarkable  otm^,  and  it  was  by  tlie  observationa 
of  thi«  orbit  that  the  eelebralMl  laws  of  Ki-pler  were  diacnvered. 
Durin;^  the  nM««ionai  approa<^hes  of  Man*  to  the  earth,  it  haa  been 
pvasible  to  measure  itd  distance  with  accuracy,  and  thus  another 
method  of  (indin};  the  sun's  distance  has  ariaen,  which,  to  say  tbr 
least,  may  compete  in  precision  with  that  afforded  by  the  transit 
of  Venus  ;  and  it  must  also  be  obsen-ed  tliat  tlie  g^nyateHt  aehtevv' 
ment  in  pure  telescopic  research  which  this  century  bae  witnaaai'd 
niw  that  of  the  discorery  of  the  at«Ilitc«  of  Man. 

To  the  unaided  eye.  Mars  ^ncrally  api<«arfl  like  a  star  of  the 
liriit  mugnitwie.  It  i*  umtally  to  be  distin^shcd  by  its  ruddy 
colour,  but  the  befni>iu-r  tii  aitlronomy  cannot  rely,  for  the  jdenli- 
fication  of  Man<,  on  it*  ool'wir  only,  Th«'rv  ore  several  stnm  nearly, 
if  not  quite,  as  ruddy  as  Man.  This  planet  has  often  I>i-en  mia- 
takni  for  the  bright  atar  Aldebanw,  th«  brifrhleat  star  in  (he 
eonctellation  of  the  RiiU.  It  »ft«n  rcsemblM  Beleljfuexe,  a  very 
brilliant  point  in  the  conwtfllation  of  Orion.  Mintak™  uf  this 
kind  will  I>e  im|K>Miible  if  the  W^Dit^r  haafint  learned  the  principal 
con«telUtioDS  and  the  principal  brif^bt  atari.  He  will  then  find 
gtttt  interest  in  traeing  out  the  [XMitions  of  the  planets,  and  in 
watefaing  their  reaaeleaa  movements.  The  position  of  coi-b  planet  at 
any  time  «an  always  be  ascertained  from  the  almanac.  Sonivtimcs 
the  planet  will  be  too  near  the  bod  to  be  visible.  It  will  rinc  with 
the  sun  and  set  with  tlie  sun,  and  consequently  will  n«t  be  above 
the  horizon  durinp^  the  niffbt.  Tlie  best  time  for  xceing  one  of  the 
planets  exterior  to  the  earth  wUl  be  during  what  is  called  its  opposi- 
tion. The  opposition  of  Man  occurs  when  the  earth  coincN  directly 
betwi>en  Mars  and  the  sun.  In  this  case,  the  dixtnncc  from  Man 
to  the  earth  is  less  than  at  any  other  time.  There  is  also  another 
advantage  in  viewing;  Mars  during  opposition.     The  pUnet  is  then 
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at  ftne  side  of  the  oartli  iind  the  nun  at  the  oppoi<iU'  *i<lc,  so  t!mt 
when  Mars  is  liigb  ni  the  hwivcnj*  the  sun  is  directly  bciicnth  llic 
earth ;  to  other  words,  the  ]>luuet  is  then  at  its  grait<-Kt  i^lvvation 
above  the  horison  at  inidnif^ht.     Some  oppositiuiiK  of   Miirt  ure, 
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howevor,  inuf-li  more  favuurubK'  thiin  oUii'ih.  Thia  jg  diatinctlf 
iih'iwu  in  Fig.  \h,  which  n'prcMMils  lht<  orbit  of  Mum  and  the  ori)it 
of  tbo  Karth  accuntt«')y  drawn  to  HcaV.  It  will  he  seen  tbnt  wbil* 
the  orbit  of  thr  i-arlli  i*  very  iKiirly  circular,  the  orbit  of  Mars  box  a 
verydeciilwl<K'{frN.'i>f  eteciitricity;  indeed,  with  tlie  exception  of  thr 
orbit  of  Mercury,  that  of  MaiH  bait  the  greatest  eccenlrieity  of  any 
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orbit  of  the  larger  pi sncts  inoiirsyetcDi.  It  will  thus  W  obiwrvfd  tkuL 
the  value  of  an  opposition  of  Mara  for  t^-lfscopic  purposos  will  ^-ary 
greatly.  The  favourable  opi)o»ition«  will  Iw  thow  which  ooeur  as 
near  ae  possible  to  the  20th  of  Aufjiwt.  The  opponitc  extreme 
will  be  found  in  an  opponition  which  ocfurs  near  the  iind  of 
February.  In  the  latter  ease  the  distance  between  tlic  planet  and 
the  earth  is  nearly  twiee  u£  pvat  lis  the  former.  The  last  favounibl« 
opposition  occurreil  in  the  year  1S77.  During  that  opixioition,  Man 
WMs  magnilicH'iit  object,  and  received  much  and  deserved  atten- 
tion.  The  fuvounible  oppositions  follow  eaeh  other  at  aomewbat 
irrei^lar  int^rrvals :  the  next  will  occur  in  the  year  IStf2,  and 
anotJier  in  the  yoar  1U08. 

The  ap|Min^nt  i:iuv»nent«  of  Mars  are  by  no  means  simple.  We 
can  imiigiiie  the  cmbarraiiiuiieut  of  tlie  early  aatronomer  who  Bret 
undertook  the  laxk  of  »hfe>erving  or  attemjiting  to  decipher  these 
movemectit.  The  planet  in  seen  to  be  a  brilliant  and  eonB|ucuoaa 
objeet.  It  attracts  the  astronomer's  attention;  he  looks  carefully, 
and  hfi  «oc«  how  the  planet  lies  among  the  constellations  with  which 
he  is  familiar.  A  few  nights  later  he  looks  at  the  planet  again ; 
but  is  it  exactly  in  the  same  place  ?  Ho  thinks  not.  lie  nott<B  moiv 
carefully  than  befoi-e  the  place  of  the  plniu.-t.  He  sees  how  it  ifl 
ntuated  witJ)  regard  to  the  stars.  Again,  in  a  fi^v  days,  his  obser- 
vations are  repeated.  Tliere  is  no  longer  a  tnu-tf  of  doubt  abinit  the 
matter — Mara  has  decidedly  clianged  his  position.  It  i*  a  plunct, 
a  wanderer.  Xi^ht  after  night  the  primitive  antronoinor  iit  at  hia 
post.  He  notes  the  changes  of  Mare.  He  sees  that  it  i»  now  moving 
ei,-en  more  rapidly  tluin  it  was  at  first.  Is  it  going  to  complete  tlie 
circuit  of  the  heaveiin?  The  BMtnmomcr  determines  to  watiih  the 
planet,  and  ei-e  whether  thJH  surmise  io  jiixtilied.  He  puisues  his  laalc . 
night  after  night,  and  at  liiigth  he  Wgtns  to  thiolc  that  the  planet 
is  not  moving  quitit  so  rapidly  as  at  lirst.  A  few  nighta  more,  and  liv 
is  sure  of  the  fiu-t :  the  planet  is  moving  more  slowly.  Again  a  few 
nights  morv,  and  he  Ix-gins  to  sunnim'  that  the  motion  may  twan; 
after  a  short  time  thi-  motion  does  cmcc,  and  the  planet  seonu  t~ 
rvst;  but  is  it  going  to  remain  at  rest  forever?  Has  its  long  jot 
be«n  finivlied?     For  nvauy  uighta  this  neemn  to  be  the  case,  I 
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length  the  astronomer  be^ns  to  suspect  that  the  ptanet  Diu»t 
commenoibg  to  move  backwards.      A  fow  nijchts  more,  and 
^'t  is  confirmed  bcy^nJ  possibiHty  of  doubt,  and  the  extraoTdinarjr 
discovery  of  the  direct  and  the  rctrof^rude  movement  of  Mara  1>4^h 
bi-eu  accomidishc-d.  ^H 

In  the  ^-nter  part  of  its  journey  nround  t)ic  heavens,  M»ra 
seoms  to  move  8t«ndNv  from  the  weat  to  the  cmat.     It  awnt 


baekwurd<:,  in  fact,  as  the  moon  movM  and  m  the  min  moves. 
ia  only  during  a  comparatively  itma]l  port  of  iIk  path  tliat 
oomplex  movement*  are  necomplljihccl  which  ]>reaented  such  aa 
CDJginu  to  the  primitive  observer.  AVe  have  in  the  adjoining  I 
picture  the  tnick  nf  the  nctual  journey  which  Mars  accompltuhcd  i^^ 
the  oppodtion  of  1^77.  The  figure  only  shows  that  part  of  itri  pat^H 
which  pn>iteDt8  the  nnomalous  features;  the  rest  of  the  path  is  ' 
pursued,  not  indeed  with  uniformity  of  velocity,  but  with 
formity  of  direction. 
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This  ccin|>lexity  of  Uie  sppareat  novesmU  of  M»i 
at  Gret  Bight,  futal  to  the  Moeptanee  at  uaj  rslly  »a>ple  aad 
elementary  explanation  of  th«  j^uictarf  ipotiofc  If  tlx;  nuticm  of 
^lars  were  putvly  elliplic,  bow,  it  may  wdl  be  ntd,  cnuld  it  perfonn 
this  extraordinary  crolutiou''  ^K  cx^lsoatioo  ia  tc>  b«  aoof^ht  to 
the  fact  that  tlw  earth  on  whidi  we  iteod  m  mcrinic,  Etcb  if 
Mars  n-cre  at  re«t,  the  faet  tliat  oor  cwtfa  m  nvnag  «o«U  malw 
Mars  apiicar  to  move.  The  apjiMait  awwMBte  of  Han  an 
thus  combine<d  with  the  n^  mornneBla.  Tbv  cimtowtMioe  will 
not  embarrass  the  (geometer.  He  b  able  b>  diwAtaaKU  Um  tma 
movement  of  the  planet  frotn  its  aMciatM  witfa  Um  a(f[«/>^il 
uiovemeut,  and  to  account  ooopletelj  tat  tb«r  mj  eua^\^uaXmi 
lAnvTivA  movement  of  ^fara.  Coakl  we  tfwufer  vui  {Mint  ol  view 
from  the  cvor-s]iirt4n<f  earth  to  as  tmtDovmbb  itaadpafail  like  t()« 
»un,  we  dioukl  ttien  see  that  the  tne  alyifa  of  tba  tvl^it  "f  Man 
wn»  on  ellipse,  performed  by  rerolTtag  (Mod  Um  aw  in  exut'iriiiity 
witii  tlw  InwM  of  Kepler,  discovered  by  oUervatit^tw  on  thU  plaMrt. 

Under  the  moat  favounljle  circDnwtaiwM,  Uw  ffasat  Mm,  at 
the  time  of  opposition,  nay  appnwh  tb*  ovtb  ta  a  dlitJWMi  Boi 
t;n»ter  than  about  35,000,000  railra.  Xo  AmU  tU*  a«MM  Ml 
enormous  distance,  when  eaCJoiaUj  by  any  •bUMUnl  ailapt^j  Un 
terrvatrial  measurements;  it  is, bnfrwnr, hardly  gi««t«r  (liau  Ihadts- 
taoee  of  Venus  when  oeamt,  aod  it  ia  OMab  Uaa  llwn  tW  diiriaiMXi 
from  tlio  earth  to  the  ituu.  We  have  alnady  MtpUtiiMl  Im***  Ibtt/orm 
of  the  solar  fyrtem  ia  known  frrin  K«|rWa  lawa,  and  bow  tlia 
absolute  size  of  the  ayateni  aod  of  lU  varinua  parta  eaii  b*  kn^wii 
when  the  direct  measonmnit  i4  any  uu«  r«rt  haa  Uwn  aUMiupliMlfHl. 
A  cliso  upprtMch  "f  Mars  affotda  a  fawiuialjU  opportunity  for 
mea»uriaf;  his  distance,  ami  thus,  in  a  diffrrent  way,  soIv!iik  ttio 
winK'  problem  as  that  preaentn]  in  tlw  transit  of  Vvniia.  Wk  ari< 
thus  a  second  time  led  Ui  a  kn'^wleclf^  of  Xhe  duitiioMi  of  the  S4in 
and  the  distancea  of  the  planets  ^uenWy,  and  to  many  olbiT 
nuraericul  facta  about  the  Mtlar  system. 

A  wry  diaboiata  and  auoueasful  altempt  waa  made  on  the 
occasion  of  tJ»a  opposition  of  Mars  in  HT7  to  npj'iy  this  rvniM<d 
method  to  the  solution  of  the  groat  )>fobl«m.     It  cannot  be  aaid 
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to  have  been  the  fint  occuuon  un  which  thU  method  wa«  siij^j^rted, 
or  eren  practically  attempted.  But  the  observatioUH  and  the  di»- 
eusBions  of  1S77  were  conducted  with  a  degree  »f  skill  and  a  minute 
atteation  to  all  the  neoessary  precautions  which  render  them  an 
impnrtaiit  contributinu  to  aatronomj'.  Mr.  David  Gill,  now  Her 
Majesty's  Astronomer  at  the  Cape  of  Good  Hope,  undertook  a 
journey  to  the  Island  of  Ascensieu  for  the  purpose  of  obscrvinfr  the 
parallax  of  Mare  in  1ST7.  On  this  riccaHion,  Mars  appmuchod  to 
the  earth  so  <.-loseIy  as  to  afford  an  admirable  opportunity  for  thi> 
npplication  of  the  method.  Mr.  Gill  suc-eeedt^^  in  obtaininf*  a  nioKl 
valuable  eeries  of  measurements,  and  from  them  he  <<oncludfd  the 
diKtancv  of  the  sun  with  an  sorumcy  not  inferior  to  that  uttainaltlc 
by  the  tniDMt  of  Venus. 

There  \»  yet  another  method  by  which  Mar*  can  be  mode  to  give 
ue  information  tx  to  the  distance  of  the  sun.  This  method  is  one 
of  very  ^eat  beauty,  and  is  deeply  intending  from  ilH  ci»nnc4:tiMi 
with  some  of  the  loftiest  Riatheinfttieal  eii<piirii,<t(.  It  «-iut  forr- 
shadowed  in  the  Pynamical  theory  of  Nowton,  and  waa  wrought  t* 
jwrfeition  by  Ijc  Verricr.  It  is  based  upon  the  grivtl  liiw  of  ffravita- 
tion,  and  i«  intimately  a«ioctattHl  with  the  splendid  diM-ovi-rii-s  is 
planetary  perturbation  which  form  »"  stiiking  a  i-hapler  in  muJcTB 
astroooiuicul  discovery. 

There  is  e  certain  relation  known  between  two  <|uantitie8  which 
at  iirst  sight  sei>m  <{iiite  indepcntlviit.  Tlicfe  <^uautities  are  tlw 
mass  of  tlie  earth  un<l  the  distance  of  the  «un.  It  fallows,  fruca 
the  measurements  of  the  intensity  of  gravitation  on  the  earth's 
surface,  and  from  the  reliitive  movements  of  the  sun  and  ol  the 
earth,  that  the  sun'a  parallax  is  proportional  to  the  cube  nxit 
of  the  mass  of  the  earth,  'fliere  is  no  uncertainly  about  this 
result,  and  the  consequence  ie  obvious.  If  we  liave  tliu  moattB  of 
weighing  the  earth  in  comparison  with  the  mn,  then  the  distanre 
of  the  sun  can  he  immeilititely  deduMsl.  How,  th<-n,  ar«  we  lo 
place  oiir  great  earth  in  the  weighing  vcaivs?  Hits  ih  the  problMl 
which  I*  VeTricr  has  shown  u*  how  to  solve,  and  he  <to««  so  hj 
invoking  the  aid  of  the  planet  Murs. 

If  MaiK  in  hia  revolution  around  tbe  sun  were  aolcly  swayed  b; 
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the  nUraclion  of  tlio  sun,  he  would,  m  lu-conlaiicc  with  the  well- 
known  laws  of  planetan'  motion,  follow  for  over  the  some  elliptic 
pdth.  At  the  end  of  one  century,  or  even  o(  many  centuriex,  the 
shape,  the  size,  and  the  position  of  ihut  ellipw  would  remain  un- 
altered. Kortmiately  for  our  present  puqwse,  a  dwtiirhanei?  in  the 
orbit  of  Mars  is  prodiieed  hy  the  earth.  Althouf^h  the  inaNM  of  the 
rarth  is  so  miieh  lees  than  that  of  the  sun,  yet  the  earth  is  still 
largo  enough  !«  exercise  an  appreciable  attrHetinii  <in  Mars.  The 
ellijiRC  dcscrilted  by  Mars  is  conee(|Uenlly  not  «lw»y>i  the  xame.  The 
shape  of  that  ellipse  and  iU  posiltoii  fvradunll)'  change,  mo  that  the 
position  of  the  planet  <Ii?))ends  upon  the  maw  of  the  earth.  The 
place  in  whieh  llie  planet  is  found  can  he  deti^roiined  by  observa- 
tion; the  phu^e  which  the  plane!  would  hare  had  if  the  eartli  were 
alisent  can  Iw  found  by  cideulation.  llic  difference  between  the 
two  is  due  to  the  attraction  of  the  earth,  and,  when  it  hao  been 
measured,  the  masH  of  the  eurtli  aa\  i)e  aKCertained.  The  amount 
of  displacement  incniueM  from  one  century  to  another,  but  as  the 
ifttfl  of  growth  is  small,  aneient  obikTvations  arc  necetwary  to  enahle 
the  measures  to  be  made  with  aeeuracy. 

A  remarkahle  occurrence  whieli  took  place  nion*  than  two 
centiiri(«  ago  enuhles  the  place  of  Man^  to  he  determintxi  with 
great  precision  at  lliat  date:.  On  the  1st  of  October,  IC72,  three 
independent  observers  witnesst^  the  m'cullation  of  a  star  in 
Aquarius  by  the  planet  Man.  Tin-  pluc-i;  ui  the  star  is  known 
witli  aecumcy,  and  hence  we  are  provided  with  the  means  of 
accurately  deliuiiitr  the  point  in  the  heavens  occupied  by  Mars  on 
the  day  iu  i]U<->lici:i.  From  this  result,  combined  with  the  modem 
meridian  oW-rvot  ioiw,  we  learn  that  the  displacement  of  Mars  by 
the  attraction  of  the  earth  has,  in  the  lapse  of  two  centuries,  {frown 
to  about  five  minutiw  of  arc  (294  sceunds).  It  bas  been  maintained 
that  this  cannot  he  erroneous  to  the  extent  of  more  than  a  sei-ond, 
and  hence  it  would  follow  that  the  wirth's  msNS  is  dctcrmintrd  to 
about  one  three-hundredth  part  of  its  amount.  If  no  error  werv 
present  this  would  fpve  the  t.un's  distance  to  about  one  nine-hnn- 
drudth  part.  Notwithstanding  the  intrinnic  Kwuty  of  this  method, 
mimJ  thv  very  high  uiispiirva  under  whieh  it  has  been  iiitiuduecd,  it 
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will,  we  think,  hardly  be  worthy  of  relJiuice  in  oomparison  with  win* 
of  the  other  methods.  We  make  uo  impeachment  nf  the  Bdolitjr 
o(  tliv  obeervntions ;  and  we  fec-l  iiu  douht  that  tJ)o  diitplnccincnt  of 
th«  phmet  is  mainlj-,  if  not  entirely,  due  to  the  ilistiirtiing  fffcct  tit 
the  earth's  attrftction  ;  hut  it  BCems  (juitv  impuesihli'  t«  bv  Kurc  that 
some  other  cause,  minute  though  it  must  be,  may  not  abo  bay* 
viintributed  to  the  result.  We  cannot  be  nbv^^lutely  sure  that  tlw 
theory  is  above  suspicion.  Interestin!>-  ami  Wmuliful  thougb  tliia 
method  may  be,  wc  must  rather  regani  it  as  a  striking  confinnaU<m 
of  the  law  of  gravitation,  than  as  nifonling  an  accurate  meoaa  of 
moasurinff  thu  sun's  distance ■ 


fig.  IT.— lt>ihtiTC  «tic«  ft  .Man  *iid  Iho  Knrlli. 

The  elose  epprnnchcsof  Mars  to  the  earth  afford  UBopportanttlea 
for  mftkiu';  a  i-areful  (c-lescopic  senitiny  of  hia  tarfiMe.  It  tnu>t 
not  he  expccti-d  that  the  details  on  Mara  could  bedelineated  with  the 
same  minut«'ne*«<  aa  those  on  the  moou.  Even  under  the  moett  favour- 
abU'  cireumstantH^s,  Mars  is  still  more  than  a  luindmt  timei  aa  fiv 
as  the  moon,  and,  therefore,  the  features  on  Mare  have  to  he  at  leael 
OM  hundred  times  as  lar^  if  they  are  to  be  aecn  aa  di«tiDctly  h 
the  fenturea  on  the  moon.  Mars  is  very  mueh  smaller  than  tbn 
earth.  The  diameter  of  the  planet  is  4,iOO  miles,  but  little  mora 
than  half  that  of  the  earth.  Fij;.  47  hIiowh  the  oom|<arative  aitai 
o(  the  two  bodiei. 

We  hero  present  to  the  reader  two  dra\vin)>i<  of  the  tele- 
scopic appcamnec  of  the  planet  Mam.  They  wore  drawn  by 
the  late  Mr.  Charlea  IC.  Burton,*  who  employed  in  tJie  work  a 
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telescope  of  moderate  dimensions  though  of  great  optical  perfection. 
It  secme  hard  to  decline  the  euggestioa  that  theee  markings  on 
Mars  mny  reully  correEpond  to  the  divisions  of  land  and  water  on 
that  jdaiiet.  There  are  circumstances  which  strongly  suggest  that 
water  may  be  present  on  Atars.  At  the  poles  of  Mars  arc  lurgv 
white  regions,  shown  to  some  extent  on  Mr.  liurtun's  ilrewingK, 
which  undergo  ]icnodic  changes ;  and  it  bos  l)c«n  surmiiii.'d  that 
these  are  due  to  an  uccumiilntton  of  ice  or  of  mow  on  the  polar 
riigionH  uf  the  planet.     On  Mome  occasions,  indeed,  an  "ioe-cap" 


jut  la,  i«7i.  Apni  It.  ma. 

Kj{.  *8.— Views  ot  Alais  by  C.  E.  Burtoa. 

on  Mar*,  with  it«  brilliancy  and  its  sharply-defincfi  margin,  is  a 
most  striking  feature  in  the  telescopic  view  of  the  planet. 

In  making  an  examination  of  the  planet,  it  is  to  be  observed 
that  it  docs  not,  like  tJie  moon,  always  preaeiit  the  same  face 
tawarda  the  telescope.  Mars  rotates  upon  an  axi«  in  cxa<-lly  the  tiamn 
manocT  as  the  earth.  It  is,  indeed,  not  a  little  remarkable  that  the 
|>eriod  required  hy  Mars  for  one  complete  rotation  ia  only  about  half 
an  htmr  more  than  the  period  oE  rotation  of  the  earth.  The  exact 
period  is  21  hours,  37  minutes,  22  j  seconds  (Proctor).  It,  therefore, 
follows  that  the  aspect  of  the  planet  changes  from  hour  to  hoar ; 
the  western  side  gradually  sinks  from  view,  the  ewtom  dd« 
gradually  rises  into  view.  In  twelve  hniirs  the  aspect  of  the  plaiMyt 
is  completely  changed.  These  ehang*-*,  together  with  the  inevilable 
effects   of   foreshortening,   render   it   often   dilBonlt    to   identify 
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the  objects  on  the  planet  with  those  on  the  map.  Tlit-  mapR,  it 
must  be  coDfeeBcd,  fall  very  far  eliort  of  the  mape  uf  the  moon  in 
deliniteQess  and  in  certainty ;  yet  there  can  hardly  be  a  doubt  that 
the  main  features  of  the  planet  are  to  be  regarded  as  thoroughly 
estabUHhixl,  and  some  aEtronomcrs  have  (^ivm  names  to  all  tbe 
prominent  objeeta. 

On  thfl  Cjuestiun  as  to  the  possibility  of  life  on  Afare,  a  few 
words  muy  be  added.     If  we  could  be  certain  of  the  eiistenoe  iif 
water  on  Mare,  then  one  of  the  most  fundamental  conditions  would 
lie  fulfdlcd ;  ant}  even  though  the  atmosphere  on  Mare  had  but  few 
points  of  rcsemblam'c  in  composition  or  iu  density  to  the  atmoephere 
of  the  earth,  lifo  might  »till  he  possible.     Yet  even  if  we  could 
Bup]X)Be  that  a  man  wiiulil  find  suitable  nutriment  for  his  body  and 
suitable  nir  for  his  respiration,  it  yet  seems  very  doubtful  wlu-ther 
h<!  woidd  he  abltr  to  live.     Owiny  to  the  small  ifize  of  Mure  and 
the  Kmiillueex  (if  its  mnj<a  in  onnipuriHon  with  the  cJirth,  thv  intunsity 
of  the  gravitation  nu  the  turfaei'  of  Mam  would  be  very  different 
to  the  gnivitation  on  the  surface  of  the  earth.     Wc  havo  already 
alhidod   to   the  Kmall   gravitation  on  the  mtKHi,  and   in  a  leoM-r 
degn^e   the   ^lune   remarts   will   apply  to  Mars.     A  body  which 
vrcighit  on  the  earth  two  potmds  would  on  the  fnirfacc  of   Mars 
weigh  only  one  pound.     Nearly  the  same  exertion  wbieh  will  rai»e 
a  5C  lb.  weiffht  on  the  earth  would  lift  two  similar  weiglits  on 
Mare.      The   cHeet   of   such   chan^^es  on   man   would   tx.-   indeed 
remarkable.     He  would  experience  a  buoyancy  quite  unfamiliar  to 
his  terrestrial  experience.     His  labours  would  no  doubt  l>c  f^rratly 
lightened   under   such   cireumstanct*.      The   fatigue   of    walking 
would  be  reduced  to  onc-hiilf — be  would  walk  up  two  steps  of  stain 
at  a  time  with  tlic  same  exertion  re(|uire(l  here  for  one  step.     1( 
he  could  jump  four  feet  high  on  the  earth,  he  could  with  precisely 
tbe  same  exertion  jump  eight  feet  high  on  Mare.     Yet,  notwitb- 
fftanding  all  this,  it  may  well  lie  doubted  vrhetlier  our  organism 
would  be  adapted  to  a  chungc  so  radical  an<]  so  complete.     We 
should  imagine  tluit  the  cir(;tilalion  of  the  blond  and  the  variow 
moFcmcntit  which  constitute  life  would  be  gnutty,  and  probably 
even  fatjdly,  deranged  by  any  such  change*.  TLc  effect  on  oar  BfstMi 


MARS. 


101 


which  would  arise  from  a  threat  diminution  of  gravity  may  be 
illuHtrati-d  in  tho  following  way  : — In  the  act  of  jumping  from  a 
i^Mr  to  the  groiini],  onr  botly  duiing  the  act  of  jumping  i«  to  a 
i-ertain  extent  in  the  condition  in  which  it  would  be  if  wp  were 
re»tdciit  on  a  pianct  wliieh  possessed  no  power  of  attniction.  A 
moment's  reflection  will  ithow  this  to  bo  the  case.  There  is  no 
doubt  that  a  man  cotild  not  mstiiin  a  ton  weight  in  bis  hand  while 
he  vtood  on  the  eurtb,  yet,  while  jutnpiiig  down,  ft  ton  or  any 
other  weight  could  be  held  in  the  hand;  for,  aa  it  could  but 
fall,  and  ax  he  is  falling  Einudtuneounly,  the  exertion  of  holding 
it  in  the  hand  vanishes.  During  the  act  of  falling,  therefore,  the 
weight  iit  held  in  the  hand  with  no  exertion,  and  thia  is  what  we 
should  Jind  if  we  were  standing  on  a  planet  devoid  of  attracting 
power. 

The  earth  is  attended  by  one  moon.  Jupif#r  is  attended  by 
four  moons.  Mars  is  a  planet  revolving  between  the  orbita 
of  the  earth  and  of  Jupit«r.  It  is  a  body  of  the  same  general 
type  as  the  earth  and  Jupiter.  It  is  ruled  by  the  same  sun,  and  all 
three  planets  form  part  of  the  same  system  ;  but  as  the  earth  hiui 
one  moon  and  Jupiter  four  moons,  why  should  not  Mars  alno  Iiavc 
%  mooD  ?  No  doubt  Mars  is  a  small  body,  less  even  than  the  earth, 
aoA  Tutly  lees  than  J\ipit«r.  Wu  could  not  expect  Mars  to  have 
^^rge  moons,  tut  why  should  it  lie  unlike  its  two  neighbours, 
and  not  have  any  muon  at  all  ?  So  rctutuncd  antninompw,  but  yet 
until  recently  no  satellite  of  Man*  eould  be  found.  For  centuries 
the  planet  ba«  been  diligently  examined  with  this  iipccial  object,  and 
as  failure  aft«r  failure  came  to  be  recorded,  the  conclusion  seemed 
almost  to  be  juvtitied  that  the  chain  of  analogioal  reominiDg  had 
broken  down.  Tlie  moouleas  MarH  was  thought  tn  be  an  exce|>tion 
to  the  rule,  that  all  the  great  planets  outside  \''enus  were  digiitGod 
by  an  attendant  retinue  of  satellites. 

It  seemed  almost  hopeless  to  begin  again  a  research  which 
bad  so  often  been  tried,  and  had  so  invariably  led  to  disappoint- 
ment-, yet,  fortunately,  the  present,  generation  has  nntnessed  atill 
one  more  attack,  conducted  with  consummate  skill,  and  with  the 
most  perfect  equipment.     This  attempt  has  obtained  the  succcm  it 
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BO  well  meritod,  and  the  ivsult  has  boon  the  meniorabUi  diteoretr 
of  two  satellites  of  Mors. 

Tliis,  perlaps  tlic  most  importnnt  tdc«eopic  discovery  of  this 
century,  wtw  miu!e  Iiy  Profrasor  Asajih  Hnll,  thi;  distinifuished  »s- 
tTDDOtDcr,  ut  tii«  oliservutory  of  Wash  in  {{ton.  Jlr,  H«ll  wm  pro- 
vided with  an  iiiKtrumcnt  of  coIohsaI  pr'tportioiiK  and  of  irxquisite 
workinati!ilii]>,  known  as  the  great  Wnshitigtou  ntfractor.  It  » 
the  prixtuct  of  tlie  celebrated  wi>rkshiiji  of  McMrv.  Alran  CWk 
and  Sons,  frum  which  so  innny  largo  teteseopen  have  proeeodH, 
and  in  its  nohle  proportiutis  fur  outstripped  any  ottier  tvlcKMiw 
ever  devoted  to  the  eame  research.  The  ohject-^lasa  mca«urM 
twenty-six  inches  in  diameter,  and  is  hardly  less  reniarkaltlc  for  th« 
perfection  of  its  delinitton  Uian  for  its  size.  Dut  even  the  skill  of 
Mr.  Hall,  and  the  space-penetrating  power  of  his  tcl«»cn|>e,  would 
not  on  ordinary  oeeasions  have  been  able  to  diseoviv  the  sat«llitM 
ot  Mvs.  Advantage  was  pnidently  taken  of  that  memorable 
o|)poeition  of  Mars  in  IKT7,  wht-u,  as  we  have  already  dmeribod. 
the  planet  eame  unusually  near  the  earth. 

It  was  known  that  Mars  could  not  have  a  large  moon.  Had 
Mars  been  attended  by  a  moon  which  was  one-hundredth  part  of 
the  bulk  of  our  moon,  it  must  long  ago  have  been  disoovered, 
Mr.  Hall,  therefore,  knew  that  if  there  were  any  Mtellites  to 
Mars,  tliey  must  he  extremely  small,  and  be  brawd  himwlf  for  a 
severe  and  diligent  search.  The  circumstances  were  all  favourable. 
Not  only  was  Mars  as  near  as  it  could  well  be  to  the  earth  ;  not 
only  vfas  the  great  telescope  at  Washington  (lie  mont  pow«rfiil 
nfnotor  then  in  existence;  hut  the  situation  of  W»j(htnf»ton  i» 
snch,  that  Mars  was  seen  from  the  ohsen-atory  at  a  high  elevation 
in  a  pure  air.  It  was  while  the  British  .Vssociation  were  meeting 
at  Plymouth  in  1S77,  that  a  telegram  flashed  across  the  Atlantk. 
Ilrilliant  success  had  rewarded  Mr,  Hall's  efforts.  He  hiw]  hoped 
to  discover  one  satellite.  The  discovery  of  even  one  would  liave 
made  the  whole  scientific  world  ring ;  hut  fortune  smiled  on  ^(r. 
Hall.  He  discovered  first  one  satellite,  and  then  be  discoveml 
a  second;  and  in  connection  with  these  satellitcSj  be  further  dia* 
covered  a  uni^jue  fact  iu  the  lolar  system. 
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The  outer  of  the  satellites  rerolvei  iroaod  the  plant-t  in  tlic 
period  of  30  hours,  17  min.,  51  sees. ;  it  is  the  innvr  Kutcllitv  which 
has  commaDded  the  attention  and  curiosity  of  every  aiilronomer  in 
the  world.  Mars  turns  round  on  his  axis  in  a  innrtiul  day,  which 
is  very  nearly  tie  same  lengtli  ne  our  day  of  twenty-four  hours. 
The  inner  satellite  of  Mars  moves  round  in  7  houra,  39  min., 
14  sees!  The  inner  satellite,  in  fact,  revolvcii  tlin*  times  round 
Mars  in  the  same  time  that  Afara  can  turn  round  once.  This 
circumstance  is  unparalleled  in  Ihi;  Nolar  Rj'stem ;  indeed,  as  far 
as  we  know,  it  ts  unpanllcled  in  the  univer«e.  In  tlie  case  of  our 
own  planet,  the  earth  rotstea  twonty-»cven  timcn  for  one  revolu> 
tion  of  the  moon.  To  some  extent  the  mine  may  he  said  of 
Jnpit«T  and  of  Saturn,  while  in  tlie  ^ruit  syotcm  of  the  suu  him< 
self  and  the  planets,  thi.'  xuu  rotutea  an  hia  axis  several  timcA  for 
eatih  revolution  of  the  ]ilanets.  There  is  no  other  known  caw 
where  the  itutellilr  rcvulveti  around  the  primary  more  quickly  than 
tlie  jtrimary  rotates  on  its  axis.  Tlie  anomahius  movement  of  the 
satellite  of  Murs  has,  however,  been  accounted  for.  lo  a  sub- 
setiuent  cliapter  we  shall  ngnin  allude  to  Uiis,  as  it  is  connected  with 
an  tinpiirtaiit  department  of  modern  astronomy. 

It  will  he  intercstiiifr  to  endeavour  to  obtain  some  notion  of  the 
prchahle  ^ii:!'  of  Uii-Ktr  two  Kutellitt-s  of  Mam.  The  average  li};ht 
of  our  full  moon  has  been  found,  by  ai.'tual  mciuiuremeut,  lo  he 
24,000  tiniCM  that  of  ^'t'ga,  a  briffht  star  of  the  first  magnitude. 
Were  our  moon  removed  to  the  distance  of  Mars  when  the  planet 
is  nearest  to  us,  due  allowance  l)ein<;  made  fur  the  enfeeblement  of 
the  solar  light,  the  moon  would  still  appear  to  us  more  tlian  half 
as  bri|*ht  (0'5887)  as  a  first  maj^itudo  star.  Bui  Deimos  was 
estimatdd  to  he  no  brighter  than  a  star  of  the  twelfth  ma)>tti- 
lude,  of  which  it  takes  about  25,120  to  ^ve  us  much  li^fht 
as  Vega.  Prom  this  it  is  evident  tliat  if  Deimos  is  made  of 
materials  similar  to  our  moon,  ita  face  must  hare  an  area  of  about 
one  15,(^00th  part  of  the  moon's,  or  it  must  W  about  IS  inilos  in 
diameter.  Fhohoa  Is  brighter  by  almut  Italf  a  magnitude,  and 
would  retiuirc  a  diameter  of  22J  milt-n  of  moon  matt^rial  in  older 
to  roflcot  th«  light  we  itelually  receive  But  Phobos  is  so  close  to 
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Mare  tlmt,  notwithstandint;  its  Eirmllncss,  tt  n*))!  eocm,  when  seen 
orerhcad  from  tlie  surfiioe  of  the  ptsnct,  to  be  about  two-tlttrds  tHe 
size  of  our  moon.  The  more  disliint  nnd  tunallor  utellite  will 
iipponr  but  iilwiit  ii  qunrlcr  of  tht-  size  of  its  rivnl. 

As  till'  «itplliti-e  FL-vohv  in  {inthg  vortipjilly  iibo^-p  thv  o<)uator  of 
their  prinniry,  the  one  leiw  tbnn  4,000  mili^s  nnd  the  olhiT  only 
some  14,500  miK-A  above  the  nurfntw,  it  follow*  that  they  can 
nrrer  be  visible  from  the  poie«  of  Mnrs;  indeot],  tj>  w-e  Phoboa, 
tilt,"  obwrver*B  pknotary  Intitude  rawst  not  ho  iibove  68}",  or  the 
(infellite  will  be  hidden  by  the  body  of  Mnre,  jurt  nn  wc,  in  the 
British  Islands,  would  1*  unable  to  see  an  fibjwt  revolving  round 
the  earth  n  few  hnndred  miles  nbove  the  eyimtor.  For  the  mme 
rencnn  Phobo«  will  only  l>e  mther  more  than  one-third  of  each 
revolution  above  the  horizon  of  a  Rpeetator  nn  the  planet. 

Befon-  piiBiin^  from  the  attractive  Bubjert  of  the  eatellitcc,  we 
may  jiint  mention  two  points  of  a  literary  eharacter.  Mr.  Hall 
conRultod  his  elnaeieal  friends  aa  to  the  namee  whieh  should  be 
conferred  on  the  two  satellites.  Homer  was  rcfcrn-d  to,  aud  t 
passn^^e  in  the  "  Iliad  "  supgcsted  the  names  Detmos  and  Phobm. 
TlioKe  jHTKOTiugei!  Were  tht?  attendant*  of  Mare,  and  the  linc«  in 
whieh  ihey  occur  have  been  thus  conslmed  by  my  friend  Pivfcceor 
Tyrrell  :— 


'  Man  aptlM,  uiil  nJled  Diamajr  aad  Bent 
To  join  hit  Mtoi*,  and  iM  did  oo  Ui  hatMH  lIlMa." 
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A  fitn'ous  circumstance  with  rci^iecl  to  the  satcUites  of  Mars 
will  be  familiar  to  tbo«e  wbn  are  aetiuainted  with  "fliilUver's 
Travels."  Tlie  nstronomcra  on  lioanl  th<:  Hying  Inland  of  I^puta 
had,  aeeordiug  to  Gulliver,  keen  insiun  and  good  telexoopes. 
Gulliver  announced  that  they  had  found  two  aatellitca  to  Mors,  one 
of  which  revolves  n'>und  Mars  in  ten  honra.  The  author  hnit  thus 
not  only  made  a  correct  guess  about  the  number  of  the  itat«l|it«s, 
but  he  actually  stated  the  periodic  time  with  cousidemble  accuracy  I 
We  do  not  know  what  can  luive  Kuggcstcd  the  latter  gue«8.  A  few 
years  ago  any  astronomer  reading  the  voyage  to  Laputa  would  have 
said  this  wae  absurd.     There  might  be  two  satellites  to  Man  no 
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donbt ;  bat  to  say  that  one  of  them  goes  round  to  t«D  hours  would 
be  to  assert  what  was  "  impossible  ! "  Yet  the  truth  has  been  even 
stranger  than  fiction. 

And  now  we  must  bring  to  a  close  our  account  of  this  beautifnl 
and  interesting  planet.  There  are  many  additional  features  of  it 
over  which  we  are  tempt€d  to  linger,  but  there  are  so  mauy  other 
bodies  which  claim  onr  attention  in  the  solar  system,  so  many  other 
bodies  which  exceed  Mars  in  size  and  intrinsic  importance,  that  we 
are  obliged  to  desist.  Our  next  step  will  not,  however,  at  oaoe 
conduct  us  to  the  giant  planets.  We  find  outside  Mars  a  host  of 
planets,  small  indeed,  but  of  the  greatest  interest ;  and  with  these 
we  shall  find  abundant  occupation  for  the  following  chapter. 
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TUB    MIXOB     PLANETS. 

The  LoBsw  Momben  of  our  ByBtom— Bodc'«  luw— Tlio  V^ruit  Region  in  Ihr 
Plnnelaty  8y8tem— The  K«i«roh— The  DitcuvCTy  of  I'jami— Wm  the  amll 
Kidy  ■  rUnvt  f— Tbu  Plani'l  iHixiiiiia  Iniiiible— Okuui  uwLtortako*  tbo  S«Mvh 
by  Maibomntito— The  rinnct  RffwivBrad— Furth«  DtomreriM— Numtinr  cf 
HiDor  Ilimeti  naw  kno»n~^Tho  HefpoD  to  bv  Hnuilied— Tlo  CnMnKtisa  •( 
Uii>  CTIiHrt  fur  tliK  Sducti  for  SiiuU  )'luDuti~Ilov  a  Minor  JHuiot  b  Diaoorwtd 
— PhTiitAt  NHturu  ot  tho  Minor  rinnpU-^maU  Unritatlan  oa  Um  IDBor 
FLueU  — Tho  UorliD  Cumpututiumt—Haw  the  Uinor  Phuiohi  t«U  lu  tba 
DUCance  ot  the  8uo— Acrcirmy  of  tho  ObMTvutiuna— How  they  owy  b«  Uwhi- 
pliMl — Victoria  mill  Snji]>ho — Tho  mast  pcrfocl  Method. 

I»  our  cliaptcnt  on  tbo  Sun  and  Mood,  on  the  Earlli  and  Venus,  and 
on  Mercury  and  Muk,  wc  ha.ve  been  usiiully  ditscutwing  the  feature* 
nnd  the  tnovemcntit  of  ifloW*  of  vbkI  ditnt?nKioni<.  The  least  of 
all  these  bodice  is  the  moon,  hut  even  our  moon  a  >  ball  £,0(>U 
inilea  from  one  side  to  the  oUier.  In  approiuhing  the  subject  of 
tlie  minor  ))]anet«,  we  inuKt  be  preparwi  to  find  plauete  of  dimeosioiw 
quite  inoonsidcrnbte  in  vompariHon  willi  the  gnui  {^obes  of  our 
siyifleni.  No  doubt  thcsf  minur  pknct«  are  nil  of  them  some  few 
miles,  and  Home  of  them  n  grvat  many  miles,  in  diameter.  Wera 
they  close  to  the  earth  they  would  be  couspiciuous,  and  even 
splendid  objects ;  but  as  they  are  so  distant  they  do  not,  even  id 
our  greale&t  telescopes,  become  very  remarluible,  while  to  the 
unaided  eye  they  are  totally  invisible. 

In  a  diagram  of  the  orbits  of  the  various  planets,  it  ia 
shown  that  a  wide  space  exists  between  the  orbit  of  Mars  and  the 
orbit  of  Jupiter.  It  was  often  surmieed  that  this  wide  region  most 
be  temmted  by  some  other  planet.  The  presumption  became  macb 
Ktronffer  when  a  remarkable  law  was  discovered  which  exhibited, 
with  considerable  accuracy,  the  relative  distances  of  the  ^reat 
jilaiicts  of  our  ^-stcm.     Take  the  series  of  uumbets  0,  3,  S,  12,  24^ 
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48,  96,  whereof  ewh  number  (cxcc))t  tb«  icoood}  i>  donblo  of  tl>c 
nnmbcr  wtiicb  precedea  it.  If  w«  uow  m1<1  four  to  CArli,  wi'  hiivr 
the  series  4,  7,  10,  16,  2S,  62,  1(HI.  With  tli«  oxwptioii  of  thf 
fifth  of  th««e  numbers  (2S)  tb<-j  are  all  itensiblv  jtrojwrtioiuU  to  tbr 
diBtancea  of  tbc  rarioUB  planets  from  the  sun.  In  fiict,  tho  *li^ 
t^nces  aw  aa  follows: — Mercury,  S'9;  Veniia,  7-2;  Earth,  10; 
Man,  16*2;  Jupiter,  S2-9 ;  Saturn,  1>&'4.  Althou);h  we  have  no 
physieal  reawD  to  offer  why  ibis  law — known  ns  Uode's  Uw — shotihl 
lie  true,  yet  the  fact  tliat  it  is  so  nearly  true  in  the  cose  of  all  Xiw 
known  plaoeta,  tempts  us  to  ask  whether  there  may  not  also  be  a 
planet  rerolving  around  the  sun  at  the  distance  represented  by  28, 

So  strongly  was  this  felt  that  a  lai^  aumber  of  utrunomers 
decided,  at  the  end  of  the  last  century,  to  make  a  united  effori  to 
•earch  for  the  unknown  planet.  It  Bcemed  certain  that  the  planel 
could  not  be  large,  otherwise  it  would  have  been  futind  lonu 
ago.  If  it  should  exist,  then  mmns  must  ho  found  for  dis- 
criminating between  the  planet  and  the  bost«  of  stars  strawn  along 
itaptUh. 

The  search  for  the  small  planet  waa  soon  rew&rdod  by  a  TO<<ce« 
which  has  rendered  tlie  evening  of  the  fint  day  in  lliis  oonlnry 
inemonble  in  astronomy.  It  was  in  the  pure  skin  o(  ralemvo 
that  the  observatory  waa  situated,  where  the  memorable  dis- 
covery of  the  first  minor  planet  was  aocomplitlHx]  by  I'iuui.  This 
labonoua  and  acvomplithed  astronomer  had  organised  a  uxwt  >n- 
Rcnions  system  of  eiplorin^r  the  heavens,  whivh  was  vtninonlly 
calculated  to  discriminate  a  planet  from  among  the  stars.  On  a 
certain  night  he  would  select  u  scries  of  stars  to  the  number  of 
fifty,  more  or  lees  acconling  to  circumiitanoes.  With  bia  tneridiMi 
circle  be  detennined  tbe  places  of  all  the  fifty  stars.  The  following 
nif^t,  or  at  all  events  as  soon  as  convenient,  be  re-ohservod  tbe 
whole  fifty  stars  with  tlic  same  inatniment  and  in  the  same  manner, 
and  the  whole  opi-nilion  was  repeated  on  two,  or  |)crha|ia  mora, 
nigbta  subeeqiicntly,  When  the  obeervatiofts  were  oompand 
together  be  was  in  jKissesBion  of  some  four  or  more  places  of  each 
one  of  the  stars  on  four  nights,  and  the  whole  series  was  complete, 
lie  was  pcrsvveriog  enough  to  carry  on  tlicvc  observatwoi  for  very 
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many  groupa  of  ctare,  ami  at  leii^h  be  wm  revftrded  by  a  suocesa 
wbicli  unply  compcDsuted  lum  fur  sU  his  toil.  It  wu  on  tlie  I»t 
of  Juiiunry,  18UI,  Lhut  lie  Gommeticnl  for  the  one  Iiun<Iredth  and 
fifty-uiutb  time  to  obiiervc  u  group  ot  stars.  Fifty  stars  this  oight 
WCTfi  viewed  in  hts  t^lcHCope,  and  tbeir  places  were  carefully 
recorded.  Of  these  objcctn  the  first  twulve  were  undoubtedly  stars, 
and  BO  to  all  appearance  watt  the  tliirteenth,  a  star  of  the  ei^tb 
magnitude  in  the  oonstellatiun  of  Taurus.  There  was  nothing  it 
distinguish  the  toleaoopic  appearance  of  this  object  from  all  the 
stars  which  preceded  or  followed  it.  The  following  night  Piazzi, 
according  to  bis  custom,  re-observed  the  whole  tifty  stars,  and  be 
did  the  same  again  on  the  3rd  of  January,  aud  once  again  on  the 
4th.  lie  then,  as  usual,  brought  together  the  four  places  he  had 
found  for  each  of  the  stars  on  bia  list.  VChta  this  was  don«  it  was 
at  once  seen  that  the  thirteenth  object  on  the  U«t  was  quite  a 
different  body  from  the  reuiainder  and  from  all  lite  Other  stars 
which  h«  had  ever  observed  before.  The  four  plaeet  ol  this 
mysterious  object  were  all  different ;  in  other  words,  the  object  wss 
in  movement,  end  was  therefore  a  planet. 

A  few  days'  obeervatiun  sufficed  to  show  how  this  littl«  object, 
afterwards  called  Ceres,  revolved  around  the  sun,  and  how  it  circu- 
lated in  that  vacant  path  intermediate  between  the  path  of  Mars 
and  the  path  of  Jupiter.  Great,  indivd,  wu«  thu  interest  aroused 
by  this  discovery,  and  great,  iiidc^,  is  the  iutlucnoe  which  it  has 
exercised  on  the  progress  of  aslroDomy.  The  majestic  planets  of 
our  system  were  now  to  admit  a  much  more  bumble  object  to  a 
sluuw  of  the  benefits  dispensed  by  tlie  sun. 

After  Pi»x7.i  bad  obtained  a  few  obwrrations  of  tlw  object,  and 
after  he  had  fully  iflentitU'd  ita  character  iw  a  planet,  Uie  season  for 
observing  this  part  of  the  heavens  liml  pushed  away,  and  the  new 
planet  of  eourtie  ceased  to  be  visible.  In  a  few  months,  no  <]oubti 
the  same  part  of  the  sky  would  be  above  the  hori^eon  after  dark,  awl 
(he  stars  would  of  course  be  seen  as  before.  The  planet,  how- 
ever, was  moving,  and  would  continue  to  move,  and  by  the  tinMi 
the  next  season  had  arrived  it  would  have  passed  off  into  somir 
distant   region,  aud  would  be  again  confounded   with   the  staii 
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which  it«o  elowly  rvxcmbkil.  Huw,  then,  tru  tlw  planet  to  be 
liuniiUM]  througli  iUt  ixiriwi  of  invinihility  oud  idi-ntified  when  it 
aguin  cnme  within  nach  of  obttervation  ? 

Thix  <IilB<,-ulty  attntctvd  the  attontioti  of  tutronomcrt,  and 
they  sought  for  wme  method  by  which  the  place  of  the  i>luii.>t 
could  be  recovered  so  a»  to  prov<'nt  Piuzxi's  di«oovery  from 
falling  into  oblivion.  A  young  (rtirman  nifttheniAtKiitn,  whotw 
name  wu  Ouusa,  o[>eiie<l  hix  iliKtiitguiitlied  career  by  hi*  ku«- 
ceuful  attein)»t  to  noIvc  this  problem.  A  planet,  u»  we  liave 
shown,  deaoribee  an  elltiwe  around  the  sun,  an<t  the  sun  hea  at  a 
fooua  of  that  ellipse.  It  can  be  demonHtnited  lliat  when  three 
poeitions  of  a  planet  are  known,  then  the  ellipKe  in  which  that 
planet  moves  is  complet^^Iy  determined.  Piazsi  had  Heen  the  planet 
on  at  least  three  occasions,  and  be  had  on  each  occasion  measured 
the  place  which  the  planet  occupied.  This  ioformation  was  avail- 
able to  Giiuss,  and  the  problem  which  he  liad  to  solve  may  be  thus 
stated.  Knowing  the  place  of  the  planet  on  three  nights,  it  is 
tvqaired,  without  any  further  observations,  to  tell  what  the  ])laoe 
of  the  planet  will  be  on  a  special  occanion  some  months  in  the 
future.  Mathematical  calculations,  ba«ed  on  the  laws  of  Kepler, 
will  enable  this  pmblem  to  be  solved,  and  Gauss  succeeded  in  solving 
it.  He  showed  that  though  the  teleeeope  of  the  astronomer  was 
unable  to  detect  tlie  planet  during  its  long  season  of  invisi- 
bility, yet  the  pen  of  the  mathematician  could  follow  it  with 
unfailing  certainty.  When,  therefore,  the  progress  of  the  scBSons 
jierroitted  the  observations  to  be  renewed,  the  search  was  rt-com- 
roenced.  The  telescope  was  directed  to  the  point  which  Gautw'n 
calculations  indicated,  and  there  was  the  little  Ceres.  Kver  since 
its  rediscovery,  the  planet  has  bven  so  completely  bound  in  the  toils 
of  mathematical  reasoning,  that  its  place  every  night  of  the  year 
can  be  indicated  with  a  fidelity  approaching  to  tliiit  attainable  with 
the  moon  or  with  the  great  planets  of  our  nyslcm. 

The  discovery  of  one  minor  planet  was  ([uiekly  followed  by 
similar  discoveries,  so  that  within  Mvcn  years  Wllas,  Juno,  and 
Veeta  were  added  to  the  Solar  n-«t«m.  Ilie  <>A»t»  of  all  thcae 
bodies  lie  in  the  region  bctwevn  the  orbit  of  Munt  und  of  Jupiter, 
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^^^H         lad  for  man}'  years  it  eceme  to  have  l*ocii  tliou-tlit  (hat  onr  planetary 
^^^H         systriit  vrns  now  complete.     Forty  yean  later  the  carmr  uf  din- 
^^^H         eoTcry  was  af^in  commenced.     Planet  after  planet  was  added  to 
^^^H         the  lift ;  gradually  the  dJeeoveriefi  becamu  a  stream  of  incrciuiin^ 
^^^H         volume,   until  in    IS8-^  the  total    numlirr   of   the  known   minor 

^^^P       planets  c 
^^^^        Bomewha 
^^H             Thcw 
^^^^          tlio  aune 
^^^L       mont  of 
^^^H        certAin  a 
^^^M        rewarch, 
^^^         dittinet  | 

1 
J 

\ff.  49. — The  Zone  o[  Minor  l^n«M  belwcnn  Uu«  and  Jupiter. 

xcc«(lcd  210.     Their  di«lribution  in  the  solar  system  i« 

t  lis  re{>ree«!ut«d  lu  Fig.  -tO, 

;  numerous  diMcoveries  arc  not  now  accompliahcd  exactly  in 

way  M  the  origiiiiil  (liHcuvi-ry  of  Viazxi.      By  the  impntve- 

atttri>iiomieal   tt-1t^tico[>es,  and  hy  the  devoliaii  with  whieh 

intrononif^m  have  applied   themselveft  to   tliU  interestiiij^ 

a  speeia)  method  of  obsenioff  has  been  created  with  the 

iiirpose  of  searchirifr  for  these  little  ohjectx. 

known  that  the  paUu  in  wbicb  all  the  great  pinneta  move 
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through  the  heavens  eolncide  very  nearly  with  the  pafli  which  the 
aim  appears  ia  follow  among  the  stani,  and  which  i»  known  as  the 
ecliptic.  It  is  natural  to  aaaume  that  the  cmalt  planets  also  move 
in  the  »ame  gn^at  highway,  whieh  leads  them  tlirnugh  aII  the  signs 
of  the  zodiac  in  succeeeion.  Some  of  the  Bonall  plaDeta,  no  doubt, 
deviate  rather  vridely  from  the  track  of  the  iinn,  but  the  great 
majority  are  atill  tolembly  near  it.  This  consideration  at  once 
simplifies  the  search  for  the  new  p1anct«.  A  certain  zone  extend- 
ing around  the  heavens  is  to  Ix-  examined,  but  there  is  little 
udvantagw  in  puichlng  the  examimition  into  other  parts  of  the  sky. 

The  next  step  is  to  construct  a  map  containing  all  the  stars  in 
this  region.  Thin  is  a  tamk  of  very  great  laliour ;  the  stars  visible 
in  tlie  large  lelescojMS  are  so  numerouM  timt  many  tens  of  tliousands, 
perhaps  we  should  say  hundreds  of  thousands,  are  included  in  the 
region  even  so  narrowly  limited.  The  fact  i«  that  many  of  the 
minor  planets  now  discovered  are  objects  of  extreme  minuteness  ; 
they  oin  only  be  seen  with  very  powerful  telescopes,  and  for  their 
detection  it  is  necessar}'  to  nse  charts  on  nhich  even  llic  faintest 
stars  are  depicted.  Many  astronomers  have  concurred  in  the  labour 
of  producing  these  ehart«.  Wc  cannot  here  mention  tbcm  all.  We 
will  tlierefom  only  allude  it>  the  la«t  scries  which  have  appeared — 
they  have  been  prepared  by  Professor  Petcni  with  exquisite  care,  an<l 
as,  in  his  hands,  they  have  already  pvrvcd  to  enable  him  to  discover 
very  many  new  plnnets,  so  now  be  bus  placed  tbcm  in  the  bandw  of 
astronomers  at  large  who  may  be  cajable  of  curying  on  this  very 
fascinating  inquiry. 

The  astronomer  alwut  to  seek  for  a  new  planet  directa  his 
telescope  towards  that  jiart  of  the  sun's  path  wliieh  in  on  the 
mnidian  at  midnight;  there,  if  anywhere,  lies  the  chance  oC 
stiocen,  because  that  is  the  region  in  which  a  planet  is  nearer  to 
tbt  earth  than  at  any  other  port  of  its  course.  Point  by  point  he 
oonpares  bis  chart  with  the  heavens,  and  usually  he  finds  the  stars 
in  the  heavens  and  the  stars  in  the  chart  to  oorrespond;  but 
sometimea  it  will  happen  that  a  point  in  the  heavens  is  mtssini; 
from  the  chart.  His  attention  is  at  once  arrested  ;  befollows  the 
object  with  care,  and  if  it  moves  it  is  a  planet.     Still  be  cannul 
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be  sure  that  he  ha»  really  innde  u  discovery ;  he  haa  found  a  planrt 
no  doubt,  but  it  may  be  una  of  the  hnet  of  planets  alr«aidy  known. 
To  clear  up  this  point  he  tnuitt  under  take  a  furtJier,  and  aometimt* 
a  very  ]&b(>riou!i>  inquiry  j  he  miut  trace  out  all  the  known  pUnctii 
and  fiee  whether  it  t«  ]MMHible  for  one  of  them  to  have  been  iu 
the  position  on  tlie  night  in  (]ueation.  If  he  can  eatjsfy  himself 
that  no  known  planet  could  have  been  there,  lie  w  then  entitled 
to  annouiK-e  to  his  brother  aiitronomers  the  discovery  of  a  ucw 
planet.  It  seems  certain  that  all  the  raore  importiint  o!  Uie  minor 
phtneta  have  been  long  since  discovered.  The  rocwnt  wtditious  to 
the  list  are  generally  extremely  minut«  objects,  beyond  the  jiovrers 
of  unall  telescopes. 

Of  the  physical  nature  of  these  hodiiis  and  of  the  eliaracter  of 
their  surface  we  are  entirely  ignorant.  It  may  be,  for  nnytliing  we 
ctD  tell,  that  these  little  bodies  are  miniature  globes  like  our  earth, 
diversifie<!  by  continents  and  by  ocitins.  If  there  be  life  on  such 
biHlieii,  whose  diameter  is  often  not  very  many  miU-*,  that  life  muit 
be  MOmething  totally  different  to  the  life  with  which  we  are  familiar. 
Setting  aside  every  other  difficulty  from  the  poesible  aUenoe  of 
water  and  from  the  great  improbability  of  an  atmosphere  of  a 
deusity  and  a  compoi^ition  suitable  for  respiration,  the  laimple  fact 
of  gi-Hvitutiun  alone  would  pn«ent  the  most  profound  contrast  to 
the  condition  of  life  on  the  earth.  ^B 

Let  us  att<'nipt  to  illustrate  this  point,  and  suppose  that  W9^^ 
take  the  euKe  of  a  minor  planet  eight  miles  in  diameter,  or  in  round 
numbers  one^thoumindth  |>ftrt  of  the  diameter  of  the  earth,  If  we 
further  suppose  that  the  materials  of  the  planet  arc  the  nme  as  tho 
materials  of  the  earth,  it  is  eiiny  to  jirove  that  the  gravity  on  the 
surface  of  the  planet  will  be  only  one-tliouKundth  part  of  the  gravity 
of  the  earth.  It  follows  that  the  weight  of  an  object  o<n  the  earth 
would  he  reduced  to  the  thousandth  port  if  tiiat  object  were  trant- 
ferred  to  the  planet.  This  would  not  be  discltMcd  of  eounw  by  an 
ordinary  weighing  scales,  where  (he  weights  are  placed  in  one  pan 
and  the  body  to  be  weighed  in  the  other.  Tested  in  this  way  a 
body  would  of  course  weigh  precisely  the  same  anywhere ;  for  if 
til*  gravitation  of  the  body  is  altered,  so  is  also  iu  etjual  proportioi 
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wool)]  be  at  ooce  evidcDt,  ood  tbe 
«Sort  with  whjdi  k  wnght  codd  be  nUed  wouM  be  radacrd  to  oDe- 
tlkonModtli  part.  A  k^  o(  one  tboaMad  poiuid>  ooold  be  liftnl 
boat  Hne  mrflMe  of  tbe  pbiiet  by  tbe  same  effort  which  would  lift 
one  poond  on  the  euth  ;  the  effects  which  this  woald  produee  un 
very  i«tnvkalile.  Let  n  tnatanoe  one  of  tbem,  which  inTotreB  a 
point  of  no  little  interedt  in  aome  ocber  bnnclMS  of  Mtronomy. 

A  stooe  thrown  up  into  the  ur  aoon  lalU  to  the  gtoond.  A 
rifle  bullet  Gred  atnifcfat  np  into  the  ur  will  uvend  higher  and 
higher,  ontfl  at  len^  ita  motion  ceasn,  it  begin*  to  turo,  and  falls 
down  to  the  ground.  I.et  as  for  tbe  moment  mppoae  that  we  had 
a  rifle  of  infinite  strength  and  gunpowder  of  unlimited  power.  As 
we  ineiease  the  charge  we  find  that  the  ballet  will  ascend  higher 
and  higher,  and  each  time  it  will  take  a  longer  period  before  it 
mtnma  to  the  ground.  Tbe  retarn  of  the  bullet  to  tbe  grooad 
is,  of  coarse,  doe  to  the  attrac-tioo  of  the  earth.  This  attrac- 
tion acta  on  tbo  ballet  at  all  timea,  and  gradually  Icwens  the 
velocity,  ultimately  owrcomea  the  upward  motion,  and  then 
bring*  tbe  bullet  back.  It  mtut  be  remembered  that  the 
eSicteocy  of  the  attraction  dccnaMs  when  the  height  ia  increased. 
Conaeqaently  when  tbe  ballet  has  a  prodigioualy  grmt  initial 
Telocity,  iu  conaequence  of  which  it  ascends  to  an  enormuns  height, 
the  return  of  tbe  bullet  is  retarded  by  a  twofold  cause.  In 
tbe  first  place  the  diatanoe  through  which  it  has  to  be  recalled  ia 
greatly  increased,  and  io  tbe  second  place  the  efficiency  of  gravita- 
tion in  cfTecting  its  recall  has  decreased.  The  grcntcr  the  velocity! 
the  feebler  must  Iw  the  oji^otcity  of  gravitation  for  bniiging  back 
the  body,  and  thus  at  h.>ngtb  tbe  velocity  can  be  increased  to  that 
point  at  which  tlio  gravitation,  conatantly  declining  as  the  body 
aaoenda,  is  never  able  to  entirely  neutmliae  the  velocity,  and  hence 
we  have  the  remarkable  case  of  a  body  projected  away  never  to 
return. 

It  ia  poanble  to  exhibit  this  reasoning  in  a  numerical  form,  and 
it  can  be  shown  that  a  relocily  of  six  miles  a  HNMud  vertioally 
upwards,  would  suffice  to  convey  a  body  entirely  away  from  tho 
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fifnivitation  of  tlic  «arlh.  Thia  v«tooitv  is  ht  beyond  fhe  utmost 
limits  of  our  artiUory.  It  i«,  inilewi,  from  twenty  to  thirty  times  as 
flwiftoaa  coiinoH  shot ;  nudeven  if  weoould  produce  it,  the  resistaneo 
of  the  air  would  present  an  ineupeniblo  dilliculty.  Stuh  rcflecttnnK, 
however,  do  not  AlTcct  the  conclusion  that  there  is  for  each  planet 
a  certain  specific  volocity  appropriate  to  that  planet,  and  depcndiDf^ 
solely  npon  the  size  and  the  mass  of  the  planet. 

If  vre  assume  for  tlie  sake  of  simplicity  that  the  material*  of 
the  planeU  are  similar,  then  th«  law  which  expresses  the  critiiil 
velocity  for  each  planet  can  be  staled  in  an  extremely  simple  form. 
It  is,  in  fact,  simply  proportional  to  tho  diameter  of  the  planet^ 
For  a  minor  planet  whose  diameter  n-ns  oni- thousand  til  part  of 
that  of  the  earth,  the  critical  velocity  would  be  the  thousandth 
part  of  six  miles  a  second — that  is  about  thirty  feet  per  second. 
Tliis  is  a  low  velocity  compared  with  ordinary  standards.  A  child 
can  here  losn  a  ball  np  fifteen  or  sixteen  feet  high,  yet  to  carry 
a  hnll  up  thiK  height  it  must  be  projected  with  a  \xlocity  of  thirty 
fc«t  per  second.  A  child,  stAuding  upon  a  planet  eight  miles  ia 
diameter,  tlirows  his  ball  \'ertically  upwards ;  ap  and  up  tlie  ball 
will  soar  to  an  amazing;  elevation.  If  the  original  veloeity  werv 
less  than  tJiirty  feet  per  second  the  bnll  will  at  length  gradually 
eciise  moving,  will  begin  to  turn,  will  full  with  gradually  accele- 
rating velocity,  until  at  length  it  returns  with  the  same  velocity 
with  which  it  had  been  projected.  But  if  the  original  velocity 
had  lieen  ax  much  or  more  than  thirty  feet  [ler  second,  then  the 
ball  would  soar  up  and  up  never  to  return.  In  a  future  chapter  it 
will  be  necessary  for  a»  to  refer  again  to  this  subject. 

The  atmosphere  surrounding  a  small  planet  must,  under 
ordinary  circumstances,  he  one  of  very  grvat  rarity.  Hven  sup- 
posing that  the  quantity  of  air  over  caeh  square  foot  on  the  small 
planet  wiw  as  much  as  that  over  each  square  foi>t  on  the  earth,  yet 
the  difference  in  gravitation  would  onuw  the  widest  difference  in 
the  density  at  the  siirfiicr.  It  is  the  weight  of  the  superincumbent 
air  which  pnMes  on  tho  lower  strata  and  gives  them  their  density. 
If  the  gnivitntion  were  reduced,  then  the  pn'ssure  would  l>elvsM>noil 
and  tlH'  air  would  expand.     Wc  should  Ihcrcfure  expect  to  Bod  that 
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tlic  aiinophcrc  surrounding  a  «inall  x>l»ii^l  u  of  extreme  nritj, 
though  possibly  of  onormoun  volume. 

A  great  inoroosc  iu  tlio  Diimbor  of  minor  planets  has  re- 
wanlcd  the  zeal  of  those  nstrunoraerB  who  hare  devotwl  tlioir 
laWunt  t'')  this  subject.  Tlieir  aiii-ecBs  hoit  entailed  a  vmt  amount 
«f  labour  tni  the  eomputera  6t  the  "Berlin  Year-book."  That 
iLteful  work  in  this  respect  oetJupies  a  poHition  which  haa  not  been 
talccu  b}-  our  own  "  Nautical  AInianao,"  nor  by  the  niinilar  jnibtica- 
tion»  of  other  eoitntrii.-it.  A  skilful  band  of  computers  make  it  their 
duty  to  provide  For  the  "Kerlin  Year-book  "  detailed  infcimiation  aa 
to  the  movementa  of  the  minor  planeta.  As  aoou  aa  a  few  obaerva- 
tiona  of  a  planet  have  been  obtained  the  little  objeet  passes  into  the 
iteoure  graap  of  the  computer ;  lie  in  able  to  prediot  the  career  uf  that 
plnnt^t  fur  years  to  come,  and  such  predictions  for  all  the  known 
minor  plunela  are  to  be  found  in  the  annual  volume*  of  the  work 
referred  to.  The  growth  of  diticovery  has  been  bo  rapid,  that  the 
necessary  labour  for  the  preparation  of  such  predictions  is  now 
enormous.  It  mtist  be  confesaed  that  many  of  the  minor  planet* 
are  very  faint  and  otherwiite  devoid  of  inten^t,  ho  that  antrnniimer* 
are  sometimes  tempted  to  concur  witJi  the  nugi^-iitioii  that  a 
proi>ortion  of  the  a^tronfimical  labour  now  devoted  to  the  com- 
putation of  the  pathK  of  thexe  bodies  might  be  more  prr>fitiibly 
ajtplied.  For  thiM  it  would  only  be  necessary  to  east  adrift  all  the 
less  intereetiug  menibi-rs  of  the  host  and  allow  them  to  pursue 
their  paths  unwatched  by  the  telescope,  or  by  the  still  more  ceaseless 
tables  of  the  mathematical  computer. 

The  sun,  which  controls  the  mighty  planets  of  our  system,  doe* 
not  disdain  to  guide,  with  equal  care,  the  tiny  globes  which  form 
the  minor  planets.  Each  revolves  in  an  elliptic  orbit,  and  at 
certain  times  some  of  them  approach  near  enough  to  the  earth  to 
have  their  distances  measured.  The  observations  can  be  made  with 
very  great  precision ;  they  can  be  multiplied  to  any  extent  that  may 
be  desired.  Some  of  these  little  bodies  have  eonsoijucntly  ■  great 
astronomical  future,  inasmuch  as  they  seem  destined  to  determine 
more  accurately  than  ^''enus  or  than  Mam  the  true  distance  from  the 
earth  to  the  sun.    The  smallest  of  these  planets  will  notanswerj  they 
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etm  only  b«  fccii  in  powerftil  telescnpes,  and  they  do  not  Bdniit  of 
being  mewuutl  with  the  nefjeaear)-  Htxrurney.  It  i*  bIm  obvioun  that 
the  i>liinc-t«  to  be  chosen  must  come  as  neur  the  eartli  m  poanble. 
TIk\v  nhoulil  have  orbits  posEessiug  a  hig)i  di^ro^  nf  cccentricitVt 
so  thnt  when  in  perihelion  and  in  ojipoHition  siinultaneously,  the 
approach  may  be  made  Bdvantageously.  Under  favourable  ciroDin- 
stancei,  some  of  the  minor  planets  will  approach  the  earth  to  a 
distance  little  more  than  three-quarters  of  the  distaoce  of  the  son. 
These  various  conditions  limit  the  number  of  planets  available  for 
this  purpose  to  about  a  dozen,  of  which  one  or  two  will  usually  be 
suitably  placed  each  year. 

For  the  determiDntion  of  the  sun's  distance,  this  method  by  the 
minor  planets  ofTcrs  unquestionable  advnntage&  The  planet  iteelf 
is  a  minute  star-like  point,  and  tlic  muifum  are  miido  from  it  to 
the  other  star*  which  are  w,'«n  near  it  in  the  telescope.  A  few  words 
will,  pcrhapis,  W-  ni-wssary  iit  this  place  as  to  the  nature  of  the 
mcaFurcmenU  rcferrcil  to.  When  we  sjKtak  of  the  measures  from 
the  planet  to  the  star  we  do  not  refer  to  wliat  would  he  pcrhape  the 
most  ordinary  accejitation  of  the  exprewtion.  We  do  nof  mean  the 
actual  mcasur(^ment  of  the  number  of  miles  in  a  straight  line  be- 
tween the  planet  and  the  star.  ']'his  clement,  even  if  attainable, 
could  only  be  the  result  of  a  protracted  scries  of  obeer\'ations  of  a 
nature  which  will  be  cxplainKl  later  on  when  we  come  to  speak  of 
the  distanws  of  the  otarM.  The  mL-asurc*  now  referred  to  are  of  a 
very  much  more  simple  type ;  they  merely  refer  to  the  apparent  dis- 
tance of  the  objects  expressed  in  angular  meumre.  This  angular 
measurement  is  of  a  wholly  different  chnniotvr  to  the  linear 
measurement,  and  the  two  motliods  may,  indeed,  lead  to  results  that 
would  at  first  seem  paradoxical.  Let  m  give,  as  an  illustration,  tlie 
eaxe  of  the  group  of  stars  forming  the  Pleiades,  and  tl)o«c  which 
form  the  Great  Bear.  The  latter  is  a  large  group,  the  fonner  is  a 
small  one.  But  why  do  we  think  the  words  large  and  small  rightly 
applied  here.  Each  pair  of  stars  of  the  Great  Bear  makes  a  luig* 
angle  with  the  eye.  Each  pair  of  stars  in  the  Pleiades  makes  ■ 
small  angle,  and  it  i«  these  angles  which  are  the  direct  objechi  of 
astroDominl  mcaaurement.     Wc  sptuk  of  the  distance  of  the  atan, 
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meaning  thereby  tlie  ui&;!e  whidi  ia  boaoded  by  the  two  lines 
from  the  eye  to  the  two  itars.  This  is  what  onr  instnimcnts  iirw 
able  to  measure,  and  it  is  to  be  observed  that  there  is  no  refuroncu  to 
linvar  ma^itude  at  alL  Indeed,  if  we  nllade  to  linear  ma^fnitudes, 
it  is  quite  possible,  for  anything  w«  am  tell,  thut  the  Pleiads  are 
nally  ft  much  lai;ger  group  than  the  Or>-«t  Bciir,  und  that  the  np- 
prirent  superiority  of  the  Utter  is  merely  due  to  itKln-inyclowrto  us, 
The  most  uccurate  of  these  anf^lar  measures  ure  ubtuitu-cl  when  two 
tttua,  or  two  star-like  points,  arc  so  close  ttigether  bk  to  en»blo  them 
to  he  included  in  one  field  of  view  of  the  tek-scopc.  Tlieiv:  are  mimy 
different  forms  of  apparatus  whieh  enable  the  antrononiur  to  pve 
to  such  measures  a  precision  unattainable  in  the  meattiirement  of 
objects  less  definitely  marked,  or  at  a  greater  apparent  diKljince. 
The  mi^nsures  of  the  distance  of  the  small  star-like  planet  from  a 
atar  are  cluinicterisvd  by  great  accuracy,  aod  this  is  one  source  of  the 
aeenraey  of  the  minor  ])lanet  method  of  finding  the  sun's  di«t«nee. 
But  there  is  another  and,  perhapx,  a  weightier  ailment  in  its 
favour,  the  full  importanee  o(  which  has  lately  liegun  to  b«  real- 
ized. The  rtail  Btrciigth  of  the  minor  pliinet  method  wnta  hardly  so 
mtuih  on  the  individual  accuracy  of  tlie  oliswrvatiuns,  as  on  the  fact 
that  from  the  nature  of  the  method  a  considerable  number  of  o1>«er- 
vations  can  bo  concentrated  on  the  result.  It  will,  of  coume,  be 
understood  that  when  we  miicjiW  of  the  accuracy  of  an  observation,  it 
is  not  to  be  presumed  that  tlie  observation  is  entirely  free  firnm  error. 
Errors  always  exist,  and  though  the  errors  be  small,  yet  if  the 
total  quantity  to  be  measured  is  small,  the  error  may  amount  to  an 
appreciable  fraction  of  the  total.  The  one  way  by  which  the  effect 
of  errors  of  observation  can  be  subduetl,  is  by  taking  the  mum  of  a 
large  number  of  •■bscrvalion*.  This  is  the  real  JMlU^c^•  of  the  value  of 
the  minor  plunct  mclhtnl.  W«  have  not  U>  wait  for  the  occurnrnoe 
of  rare  events  like  the  tmnsit  of  Venus.  Each  year  will  witncas  the 
approach  of  some  one  or  more  minor  planets  sufHeiently  clow  to  the 
earth  to  render  the  observations  possible.  The  varied  circumxtanees 
attending  each  planet,  and  the  great  variety  of  the  obaervations 
which  may  be  made  uj>on  it,  will  all  tend  further  and  furtlier  to 
elintinate  errors. 
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As  tke  planet  (turauee  its  course  through  the  sky,  aDd  as  th« 
tky  IB  everywhere  studded  over  with  coimtless  myriads  of  miante 
stars,  it  is  evident  that  the  planet,  itself  so  like  a  star,  will  always 
have  some  stars  in  its  immediato  neig'hbourhoud.  As  the  move* 
ments  of  the  planet  are  well  known,  it  is  possible  to  foretell  where 
it  will  be  on  eaoh  night  thai  it  is  to  be  observed.  It  is  thus  pos- 
sible to  pre-arran}^  with  observers  in  widi-ly-differcnt  parts  of  the 
earth  as  to  the  observations  to  bo  mode  on  each  parti<;ulnr  night. 

An  attempt  has  only  recently  l)cvn  made,  on  the  suggeslioo  of 
Mr.  Gill,  to  carry  out  this  method  on  a  scale  commensurate  with  its 
importance.  The  planets  ^'^ictoria  and  Snppbo  hajipcned,  in  the 
year  LS8£,  to  approach  so  close  to  the  earth  that  arrangements 
were  made  for  simtdluneoiis  moaiiiirciueiits  in  both  the  noi-tlicro 
and  the  southern  hcmiKj>hrrc».  A  scheme  was  complctety  drawn 
lip  many  months  before  the  observations  were  to  commence.  Each 
I'bscrver  who  purtieipnted  in  tlie  work  was  thus  adviswd  before- 
hand of  the  stars  which  were  to  he  employed  each  night.  Viewed 
from  any  part  of  the  earth,  from  the  Cnpc  of  Qood  Ho]>e  or  From 
Great  Britain,  the  ]>ositi«nN  of  the  stani  i^c  absolutely  unclianged. 
Thoir  distance  is  so  Kt.npcnilon^  that  a  cliang<^  of  place  on  the  earth 
displaces  thrm  to  no  appreciable  extent.  But  the  case  is  differoiit 
with  a  minor  planet.  It  '\*  hardly  one-millionth  part  of  the  dis- 
tance of  the  stars,  and  the  displotK-inc-nt  uf  the  planet  when  viewed 
from  the  Capu  and  when  viewed  from  Europe,  is  a  meaeunible 
quantity. 

The  displacement  of  the  planet  is  to  be  elicited  by  eomparieon 
between  the  obserrations  in  the  northern  hcmisjiberc  will)  those  in 
the  sonthem  hemisphere.  Tlie  olwcrvutions  in  both  hvntispberts 
most  be  OS  nearly  simullaneous  ns  possible,  due  allowanoe  being 
made  for  tJie  motion  of  the  planet  in  what«vcr  interval  then 
raay  be.  Although  every  precaution  is  taken  to  climiuat«  the 
vrron  of  <«ch  observation,  yet  the  fact  remains  Ihut  w«  oompwe 
the  measures  made  by  obscrvem  in  the  northern  hemisphere)  with 
those  made  by  difft^reiit  observers,  and  of  courao  different  instm- 
mcnte,  in  the  soutlieni  hemisphere.  In  this  respect  wt-  are  at  oe 
^router  disadvantage  tliau  in  observing  the  transit  of  Venus,  yet  ll    I 
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w  fKMmible  to  obviiitt  even  this  dilTiculty,  and  thus  to  ^ve  tho  minor 
planet  method  h  frreat  Mlvnntsf^-  over  its  rival.  Tlio  difTiouUy  would 
be  ovenomc  if  we  coald  conceive  that  on  obmM-ver  and  bis  observa- 
tory, alYer  making  a,  wi  of  observutionR  on  a  fine  night  in  the 
northern  hrniiftpIuTo,  were  liy  moann  of  the  Ium[i  of  Aladdin,  or 
Borae  simitar  ageney,  to  be  transferred,  instruments  and  all,  to  the 
ioutbem  hemisphere,  and  there  to  repeat  the  observations.  An 
equivalent  transformation  can  be  effected  without  any  miraculous 
a<^ncy,  and  in  it  we  have  undoubtedly  the  most  perfect  mode  o£ 
meflsurin^  the  sun's  distance  w-ith  which  we  ore  acquainted.  This 
methoti  hns  already  been  applied  with  success  by  Mr.  Gill  in  the 
case  of  Juno,  but  there  are  other  phmct«  more  favourably  situated. 
Take,  for  instance,  one  of  those  minor  planets,  which  somotimea 
approoeh  to  within  70,000,000  miles  of  the  earth.  When  the 
o]i[MJ!iition  is  dmwinf^  mi»r,  a  Fkilled  observer  is  to  bo  placed  at 
some  suitable  stution  near  the  eiiuutor.  llic  instrument  lie  is  to 
use  should  be  that  marvellous  piece  of  mechanicid  and  optical  skill 
known  as  the  heliometer.*  It  can  be  used  to  measure  stars  at  a 
(rreater  range  than  is  obtainable  with  the  lilar  niicrom<^ter.  Tlie 
meoHurements  are  to  be  made  in  the  evening  as  soon  oh  the  plunet 
haa  risen  high  enough  to  enable  it  to  be  seen  distinctly.  Tlie 
observer  and  the  observatory  is  then  to  be  transferred  to  the 
other  side  of  the  earth.  How  is  this  to  be  done  ?  Say,  Tather, 
bow  we  coiUd  prevent  it  being  done.  Is  not  the  earth  rotating 
on  its  axis,  ao  that  in  the  course  of  a  few  hours  the  obserrator 
on  the  equator  is  carried  bodily  ruiind  for  thouMindu  of  miles?  As 
the  morning  approaoheM  the  ubeiervittiuns  iirc  to  be  rc]x>ntcd.  The 
planet  is  found  to  have  changed  its  place  very  oonsidcrably  with 
rc^ftrd  to  the  tlar«.  This  is  partly  due  to  its  own  motion,  but  it 
is  also  largely  due  to  the  parallactic  displacement  arising  from  the 
rotation  of  the  earth,  which  may  amount  to  as  much  as  twenty 


■  Tlie  tielJomctM  u  n  lct«ru]>«  nilii  it*  objoat>^SM4Bt  in  listf  il«aga  diMB*tw. 
Ona  OT  ttolh  of  thnw  halvra  c«n  tic  moved  trsnirnwly  by  •  smw.  Bach  hslf 
gJT«a  •  coinplotc  lin«K»  ot  thu  utijvct.  Th«  nruuna  sra  lAecUd  by  atNerriag  hov 
msn;  tum*  of  tltn  Kraw  conrtf  Uie  iimKn  of  tlu  Ktsr  foimnl  by  ons  lult  e< 
tii»  ubJKl-filiUH  to  coiiiciiJeDCG  with  tliB  iin&^«  lit  \Xm  {lUnvt  furmi'd  bj'  tho  othitt. 
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seconds.  The  measureB  oa  a  single  night  with  the  hehtmieter 
should  not  have  a  mean  error  greater  than  one-fifth  of  a  second, 
and  we  might  reasonably  expect  that  observations  could  be  secured 
on  about  twenty-five  nights  daring  the  opposition.  Four  such 
groups  might  be  expected  to  give  the  sun's  distance  without  any 
uncertainty  greater  than  the  thousandth  part  of  the  total  amount. 
The  chief  difficulty  of  the  process  arises  from  the  movement  of  th& 
planet  daring  the  interval  which  divides  the  evening  from  the 
morning  observations.  This,  it  must  be  admitted,  is  a  drawback 
to  the  method.  It  can,  however,  be  avoided  by  diligent  and 
repeated  measurements  of  the  place  of  the  planet  with  respect  to 
the  stars  among  which  it  passes.  Let  us  hope  that  long  ere  the 
next  transit  of  Venus  approaches,  the  problem  of  the  sun's  dis- 
tance will  have  been  satisfactorily  solved  by  the  minor  planets. 


CHAPTER  XII. 


juprrKO. 


IV  nmit  Kiwi  of  Jiipitor—CcopMbctt  ctf  Ua  DiamMor  with  Uwt  of  the  Buth— 
Dimoiwiaiu  of  ilin  Pluoot  ud  hfa  OiUl — lli*  BobMan — Compubsa  ot  Uai 
Weight  uul  Bulk  vjth  thit  ol  Ihu  Hearth —BdatiTv  LiglitiicMof  Jnpitfr— How* 
•KpUiDcd — Ju|>iti<r  Rtill  pn>)iHlil;r  i»  "  U«at«d  Conditiua— Tliu  BelU  on  Jupiln* 
— ^^wU  on  hb  Soilao* — TiiM'  of  Ruttilion  of  diRi^ifnt  SpoU  virioai— Mtorum 
m  Ju{rit«i^^a[ntOT  not  InewideKiriii— Tho  S&ti?lliioA— Tbeb  DUeovorr— 
T*laHO^c  AppcuHUW— Their  Urliiu—Tho  K.-Uptu  sikI  Uii-ultiiticiut— A  Kitcl. 
Ute  in  Tmurit— Tho  Valodtr  nf  Light  DlsooTcred— Uuv  ia  lim  Vitluvity  to  Iw 
Ueunred  mtporimentAlly  F  —  DotOTDUiuttion  of  tbo  Bna's  DisUnco  hv  the 
EeliptM  of  Jvpitn'*  SutoUUea — Juptra-'*  tiatvllitea  (temonMnting  Ui«  Co. 
jiemiuui  Syitcni. 

In  our  exptontian  of  the  beautiful  Beriea  of  bodies  which  form  the 
sular  Hyetem,  we  hnve  gradually  jinK-eeded  step  hy  step  outwards 
from  the  EUR.  In  the  pursuit  of  this  mi'tliod  wc  have  now  come 
to  the  splendid  plant-t  Jiipitvr,  which  wends  its  majt-stic  way  in  a 
path  immitliatoly  outside  thoiw  orbita  of  the  minor  pluiivts  whiuh 
wc  have  just  bceu  considcnn);.  Grt-at,  indeed,  in  the  contrast 
between  tbrsc  tiny  glubes  ami  thv  stupenduuH  gh>he  of  Ju]>it<T. 
Had  wc  adojttcd  »  somewhat  diff^-rent  method  of  treatment — had 
we,  for  iDNtance,  disemwcd  thv  vrHous  bodies  of  our  planrtary 
syjilem  in  the  ordcir  of  their  miiguitudL — then  the  minor  phinvts 
would  have  hc<?n  the  laal  to  be  roniiidered,  while  the  leader  of  the 
boat  wouM  be  Jupiter.  To  tbie  position  Jupiter  is  entitled  with- 
out an  ai^>roa«h  to  rivah-y.  Th«  next  greatest  oa  the  list,  the 
beautiful  and  inlereatin);  Saturn,  eomes  a  long  distance  behind. 
Another  great  descent  in  the  scale  of  magnitude  lias  to  be  made 
before  we  reach  L'ranns  and  Iseptun«,  while  still  another  step 
downwards  must  be  made  before  we  reach  that  lesser  group  of 
planets  which  includes  our  earth.  So  connpicuouxly  docs  Jupiter 
tower  over  the  rest,  tJiat  even  if  Saturn  were  to  be  augmcntMl  by 
o  2 
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»11  the  other  globes  of  our  syBtem  rolled  into  one,  the  united  mans 
would  etill  not  equal  the  great  g'lobe  of  Jupiter. 

The  adjoining  picture  shows  the  relative  dimensions  of  Jupiter 
and  the  earth,  and  it  conveys  to  the  eye  a  more  vivid  impression 
of  the  enormouH  hitik  of  Jiipit«r  than  wo  can  readily  obtain  by 
merely  considering  the  numerical  statements  by  which  hw  bulk  is  to 
be  accurately  C)itimiit>.'d.     As,  however,  it  will  be  necessary  to  place 


Fig.  SO, — Dm  ralnUvo  dimuiMioo*  ol  Jupitor  uid  lh«  Earth. 


the  numerical  facts  before  our  readers,  we  do  so  at  the  outset  of 
this  chapter. 

Jupiter  revolves  in  an  elliptic  orbit  around  the  sun  in  the  focus, 
at  a  mean  dirtancc  of  482,000,000  miles.  The  path  of  Jupiter  is 
thus  about  5'2  times  as  great  in  diameter  as  the  path  pursued  by 
the  earth.  The  rhapc  of  Juptt«r's  orbit  departs  very  appreciably 
from  a  circle,  the  grcatrat  distance  from  the  sud  beiDj;  6*46,  while 
the  leaat  distance  is  about  I'do,  the  earth's  distanc*  from  the  rao 
being  taken  as  unity.  Under  the  most  favourable  circumstanovs 
for  seeing  Jupdter  at  opposition,  it  must  still  be  about  four  timt 
as  far  from  the  earth  as  the  earth  is  from  the  sun.  Jii|>it4>r  will 
aUo  illustrate  the  law,  that   the   more  distant  a  planet  is,  tbo 
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■lower  is  the  velocity  witit  which  the  orbital  motion  of  the 
planet  is  accoropliahed.  While  the  eortli  [uiMiit  ov«r  vightoon 
niiW  each  eccond,  Jupiter  only  accomplislicti  eight  niiW.  Tl)u« 
for  a  two-fold  reason  the  time  occupied  by  un  exterior  planet  in 
completing  a  revolution  is  iBT'^atcr  than  the  )>eriod  iif  tlie  ejirlli. 
Not  only  has  the  outer  planet  to  purHue  a  longer  courac  than  tlie 
earth,  but  the  speed  is  less ;  it  thus  happens  that  Jupiter  require* 
4,33i-(J  dftvc,  '-'r  about  fifty  days  leea  than  twelve  yonra,  to  make 
u  circuit  of  the  tiesvcns. 

The  menn  diameliT  of  tlie  threat  planet  is  about  8^,000  miles. 
We  any  the  miran  diamet>.T,  Itocause  there  is  a  eonsptcuous  difFi-rence 
in  the  case  of  Jui>iter  Wtn-eeii  hi>«  Mjuutoriiil  and  his  jwlsr  diitmeter. 
We  liave  alreatly  fwtt  tliat  tlicre  in  a  similar  difTerviiee  in  the  ease 
of  the  eartti,  when)  we  find  the  |M)lar  iliamctrr  to  be  sliorter  than 
the  equatorial ;  but  the  diejiroportion  of  these  two  diametera  ia  very 
much  larf^  in  Jupiter  than  in  the  eurth.  Tlic  tHjimtorial  diameter 
*>f  JupitcT  is  87,SO0  milcK,  while  the  i«>lar  diameter  ia  not  mor* 
than  S2,500  miles.  Tlie  elliptioily  of  Jupiter  thus  produeed,  it 
euffieicntly  marked  to  be  obviims  without  any  refined  measures. 
Around  this  short  diameter  the  planet  spins  with  wlist  miwt  be 
considered  an  enormous  velocity  when  we  reflect  on  the  size  of  the 
globe.  Each  rotation  la  eotnpleted  in  about  9  hn.  55|min.  We 
may  naturally  contnwt  thin  with  thi!  much  Jtlower  rotation  of  our 
earth  in  twenty-four  houn.  'ilie  dtfTtTTcnee  becomes  much  more 
striking  if  we  consider  tlic  relative  a|>oeda  at  whieh  points  on  tJie 
equator  of  the  earth  and  on  the  equator  of  Jupiler  actiuilly  move.  A« 
the  diameter  of  Jupiter  ix  m-Arly  eleven  timea  llrnt  <if  the  enrlh,  it 
will  follow  that  the  actual  Npeed  of  the  etjuator  on  Jupiter  muat  be 
about  twenty-M-vi-n  timeA  aa  great  aa  that  un  tlie  earth.  It  ia,  no 
doubt,  to  tliiit  high  vclooitjr  of  rotation  tliat  we  must  ascribe  the 
extraordinary  elliptieity  of  Jupiter ;  for  the  rapid  rotation  niise*  a 
great  d«^ee  of  centrifugal  forcM?,  and  this  bulges  out  the  |>lianl 
materials  of  which  he  seems  to  be  formed. 

Jupiter  is,  so  far  aa  we  can  sec,  not  a  solid  l>o«ly.  Tliia  ia  a 
very  important  circumstance  ;  and,  therefore,  it  will  be  nwM-Hsitry  to 
discuss  the  matter  at  aome  little  length,  «a  we  here  |)crccive  a  wide 
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contrast  between  this  j^e&t  planet  mi<1  th«  other  planets  which  have 
previousljr  oociipinl  oiir  attention.  From  the  mcaEtuvmente  already 
pven  it  is  ea«y  lo  calciibtte  the  hiillc  or  the  volume  o(  Jupit«r.  H 
nnll  be  found  that  Jiipitor  in  about  1,200  timos  as  large  an  tbe 
earth ;  in  olhirr  words,  it  woxdd  take  1,200  glubvs,  each  as  large  sib 
our  earth,  all  rolled  into  one,  to  form  a  Bing-le  fflobe  as  large  as 
Ju]>itcr.  If,  IhiTi-forc,  thi*  matcriald  of  whivh  Jupiter  is  compoeed 
were  of  a  nature  analogoiitt  to  the  materialo  of  the  earth,  we 
might  expect  that  the  weight  of  Ju])iU>r  wuuld  exceed  the  wei^t 
of  the  eartli  in  flumething  like  the  profwrtion  of  their  volumes. 
Thia  JB  the  matter  now  proposed  to  bt-  hmiight  to  trial.  Here  wc 
may  at  onoi?  he  met  with  the  query,  ae  to  how  wit  are  to  lind  tfai* 
weight  of  Jupiter.  It  is  not  an  easy  matter  even  to  weigh  tbe 
earth  on  which  we  stand.  How,  then,  can  we  wdgh  u  mighty 
planet  vastly  larger  than  the  earth,  and  diat.int  frnoi  llie  earth  by 
Kome  hundrtKlx  of  millions  nf  miUii?  Truly,  this  ih  a  noble  pro- 
blem. YH  the  intelWtutil  riiioiireeii  of  man  are  able  to  achit'%-o 
thiit  mighty  feAt  of  oelo«tiid  engineering.  They  ue  not,  perlwps, 
B4^'tiiiUly  able  to  miiltc  thi'  imiiderouK  weighing  ecnlen  in  which  the 
grcjtt  planet  i*  t<i  be  cu»t,  hut  they  are  able  to  divert  to  1  hix  purpose 
certain  natural  phenomena  which  yield  the  information  that  is 
rc<]uired.  All  such  investigations  repose  on  univemal  gravitation 
as  their  fduudatiow.  The  mass  of  Jupiter  attracts  other  maAHi-ji  in 
the  solar  system.  'Hie  eHiciency  of  tliat  attraction  is  more  jiurticu- 
larly  shown  on  the  bodies  which  are  near  Jupiter.  In  i-irtue  of  thia 
attraction  certain  movements  are  impressed  on  those  ho<^lieit.  We 
can  observe  tliese  movements  in  onr  t<.*IeBco|>cs,  we  can  measure 
their  amount,  and  from  such  measurements  we  can  caleulnle  tbe 
mass  of  the  body  by  which  the  movements  have  been  produced, 
Tliiii  is  the  sole  method  which  we  possess  for  the  investigation  of 
tile  masses  of  the  planets;  and,  though  it  may  be  difficult  in  its 
application — not  only  from  the  observations  which  are  required, 
i>nt  from  the  intricacy  and  the  [irofundity  of  the  calcnlations  to 
which  thoxe  olwcr%'ationE  must  W'  std>mitte«l — yet  in  the  caao 
of  JtipitiT,  nt  least,  there  ie  no  uiicerluinty  alH>ut  the  result,  Th« 
ta«ik  if,  indeed,  peculiarly  simplilicd   in   the  case  of   Jiipit«r   by 


: 


JL'PJTEB. 


315 


T«a»OD  of  the  lieaatifu!  eystt'in  of  fonr  moons  hy  which  li«  is 
attended.  Thegc  little  moons  move  under  the  guidaitce  of  Jupiter, 
and  their  movements  are  not  otherwise  interfered  with  in  a  way 
calculattMl  to  prevent  their  use  for  our  pri-neiit  jiurpoiie.  It  i§  from 
the  obaervatjoQB  of  the  Hatrllites  of  Jupiter  tlmt  \vc  ore  enabled  to 
measure  his  attra^-tivc  power,  and  thenoe  to  conclude  the  mass  of 
the  mighty  planet. 

Ti>  those  not  frpceially  convcnant  with  the  prtneiples  of 
niet-haniot,  it  may  »e«m  difliL-ult  to  rcttliw  the  ocouraey  of  which 
«ucli  «  method  i»  capsble.  Yet  there  can  be  n»  douht  that  his 
nioons  really  teach  iis  the  maxs  of  Juintcr,  and  do  not  leave  a 
margin  of  inaccuracy  »o  great  on  one  hundrMlth  part  of  the  total 
amount.  If  other  oourinuatiiTin  l)i-  needed,  then  other  eonJirroalion 
iit  forthcoming;.  A  minor  planet  ooeaaioiially  draws  near  to  tlic  orbit 
of  Jupiter  and  experiences  his  attraction;  the  planet  is  foreed  to 
swerve  from  its  path,  and  the  amount  of  its  deviation  can  be  mea- 
sured. From  that  measurement  the  ma^s  of  Jupiter  can  I»e  com- 
puted hy  a  calculation,  of  which  it  would  be  impofuible  here  even 
to  give  an  outline,  'flie  mass  of  Jupiter,  aj>  found  from  the  minor 
planet,  agrees  with  the  mass  obtained  in  a  totally  different  manner 
from  the  satellites.  Nor  have  we  here  ex)uuste<l  the  nwourees  of 
astronomy  in  its  bearing  on  this  question.  ^Ve  can  even  diitnanl 
the  whole  planetary  system  entirely,  and  we  can  invite  the  occa- 
sional aid  of  a  eomet  which,  fisshjng  through  the  orbits  of  the 
pUnet«, experiences  targe  and  sometimes  enormous  disturhanceii.  For 
the  present  it  suflicee  to  remark,  thit  on  one  or  two  oceasions  it  has 
happened  tliat  venturous  comets  haw  been  ncttr  enough  to  Jupiter 
to  feel  the  effect  of  his  ponderoiisi  Ixxly,  and  tlien  to  proclaim  by 
Dieir  altered  movcrnent*  the  magnitude  of  tlui  mass  which  baa 
afftieted  them.  The  mtellitM  of  Jupiter,  the  minor  planets,  and 
the  comets,  all  tell  um  the  mass  of  Jupiter ;  and,  as  they  all  give  us 
tlie  same  ri'sult  (at  least  within  extremely  narrow  limits),  we  can- 
not hesitate  to  eonclude  that  the  mans  of  the  greatest  planet  of  our 
system  has  been  determined  with  at.'Cumey. 

The  results  of  the«c  nieununw  must  now  be  stated.  They  show, 
of  course,  tliat  Jupiter  is  vastly  inferior  to  IJm  mm — tluil,  in  (act. 
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it  n-ould  take  about  1,04$  Jupiten,  all  rolled  into  one,  to  form  a 
globe  v(\\Mil  in  weight  to  the  sun.  They  also  show  its  tliut  it  wotild 
t«ke  SIO  globus  as  heavj*  as  onr  earth  to  countcrlnlKnce  the 
we'ght  of  Jupiti?r. 

No  doubt  tbie  shows  Jupiter  to  be  n  boily  of  the  most  ntajeatic 
mnas ;  but  the  real  point  for  consideration  is  not  thit  Jupiter  is  31U 
times  as  heavy  ns  Ibc  earth,  but  tliat  lie  is  not  n  great  deal  rooiv. 
Have  we  not  st9iti>d  that  Jupit«ria  1,200  timfis  oa/drytfaa  the  earth? 
How  then  cornea  it  that  be  is  only  31U  lim«s  a*  ieai'y/  This 
)K)iuts  at  once  to  some  fundamental  eontnurt  between  the  constitu- 
tion of  Jupiter  and  of  tbe  earth.  How  arc  we  to  explain  this 
difference?  We  can  eoneeive  of  two  explanations.  In  tbe  first 
plaM,  it  mi(fht  be  supposed  tbat  Jupiter  is  constituted  of  uiatertala 
partly  or  wholly  unknown  to  us  on  the  earth.  There  is,  however, 
an  alternative  supposition  at  once  more  philosophical  and  more 
consistent  with  the  evidence.  It  is  true  that  we  know  little  or 
nolhintf  of  what  the  elemontAiy  substances  on  Jupiter  may  be,  hut 
one  of  the  givat  discoveries  of  modem  astronomy  had  taught  us  some- 
thing; of  tbe  elementary  bodies  present  in  ollwr  bodies  of  tbe  uni- 
veree,  and  baa  fully  demonstrated  that  to  a  large  extent  tliey  arc 
identical  with  the  elementary  bodies  on  tbe  earth.  We  shall  have 
occasion  to  dwell  on  this  very  important  subject  in  a  future  chapter, 
and  accordinj-ly  we  now  merely  refer  to  it  for  the  purpose  of 
justifyiufT  the  assumption,  that  tbe  materials  of  Jupiter  are  not 
entirely  different  from  those  on  the  earth.  And  if  Jupiter  be  com* 
posed  of  bodies  rvfrmhling  those  on  tbe  earth,  there  is  one  way, 
and  only  one,  in  which  we  can  account  for  tbe  disparity  between 
hit  aze  and  hifl  mass.  Perhaps  the  best  way  of  stating;  the  ar^- 
nent  will  bu  found  in  a  retrospective  glance  ut  the  probable  paat 
history  of  the  earth  itself,  fur  it  seems  not  impossible  that  the  pre- 
sent condition  of  Jujnter  wait  itself  fornhiulowed  by  the  condition 
of  our  earth  countless  ngen  ago. 

In  •  previous  chapter  we  had  occasion  to  point  out  how  the 
earth  seemed  to  be  cooling  from  an  earli<^r  an<l  highly-heal''<l  con- 
dition. The  further  we  look  back  Uie  holler  neems  to  liave  bwn 
the  earth,  and  if  we  project  our  glance  back  to  an  epoch  mffi 
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ciently  rrtnotr,  w»  Ms  that  H  niMt  have  beeo  eo  bot  Out  life  oa 
its  mrfaor  wnuld  tic  imfOmShit.  Bmd:  Mill  eirlter,  we  see  the 
best  to  have  brro  mtA  that  wmXer  ooald  not  rest  oa  tbe  earth ;  and 
Iicn<!e  it  KKini  Itkrlj*  tliat  at  nne  netrdilily  remote  ejwcb  all  tike 
oceans  now  itfonxtg  on  tW  HirfMe  vt  the  earth,  and  perhaps  a 
oonddcraUe  portion  «f  ita  BOfe  aolid  matcriala,  ntut  have  been 
aetually  in  vapour.  Such  a  tnarfomattoD  of  tbe  ^ubc  would  not 
alter  ita  amu.  Cor  tbe  materia]*  wrifrb  tbe  nme  whatever  be 
their  eonditioD  as  to  temperalure,  but  it  would  alter  to  the  inoBt 
remarkubte  extent  the  ti^e  of  our  globe.  If  all  oar  oocaos  were 
tniuformed  into  vapour,  our  atmosphere,  charged  with  uig'htjr 
clouda,  would  have  a  masN  K>iiie  hundreds  of  times  greater  than 
that  which  it  ha*  at  present,  and  tbe  mxe  of  tbe  globe  would  be 
corresponding!  V  swollen.  Viewed  from  a  di»lant  planet,  the  cload- 
loden  atmosphere  would  seem  to  indicate  tbe  «iz«  of  oor  globe,  and 
its  density  would  acoordingly  be  concluded  to  be  very  much  less 
than  it  is  at  prescoU 

From  tbcM  considfrattoos  it  will  be  manifest  that  the  dis> 
erepan<-y  between  the  size  and  the  weight  of  Jajiiler,  as  rontraated 
with  our  <>arth,  would  he  completely  rvmo'ed  if  wc  supposed  that 
Jopitor  was  st  the  present  day  a  faighlr-lwaled  body  in  tbe 
oondition  of  oar  eartb  countless  sf^  ago.  Krery  cireumstance 
of  tlie  |>1nnet  tends  to  justify  this  reasoning.  \^'e  have  assiswd 
lite  smullueMi  of  the  moon  as  a  reutoa  why  the  moon  has  cooled 
saffioiently  to  make  its  volcanoes  silent  and  still.  In  the 
same  way  the  smallness  of  the  tartli,  as  compared  with  Jupilcr, 
aceounta  for  titc  fact  tlist  Jupiter  stilt  retains  a  XnTf^  \wt  of  its 
original  beat,  while  the  omnllcr  earth  haa  dissijatcJ  most  of  its 
store,  litis  argument  in  illu^lmted  and  strengthened  wltea  wo 
introduce  other  planet*  into  the  comparison.  As  a  ginteral 
role  we  find  tliitt  the  smaller  planets,  like  the  enrth  and  Man, 
hnve  a  hijfh  density,  indiciilive  of  a  low  tcmiicTnlMrc,  while 
the  giant  planets,  like  Jupiter  and  Saturn,  liavo  a  low  density, 
suggesting  that  they  stilt  ivtain  a  large  part  of  their  original  hoat, 
W»  say  "  original  heat "  for  the  want,  perhaps,  c»f  a  more  oom«t 
oxpnnionj  it  willj  however,  indicata  tliat  w«  do  not  in  llie  hnut 
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refer  to  the  iwlflr  heat,  of  whioli,  indeed,  tin-  yrcat  ouf*r  planvlx 
receive  mucli  lew  thaii  thoKC  tiunrer  tJie  »itu.  Where  the  original 
ht^at  tniiy  hnvc  come  fram  is  &  niftttcr  elill  i<<jnfiiifd  to  the  proviac« 
of  Bpectilittion. 

A  comfilct*  jnstiiication  of  these  views  with  re<raTd  to  Jnpit«r 
i»  to  be  found  when  we  make  k  minute  t«lc9CDptc  ncrutinjr  of  its 
turfacv;  nnd  it  fortunntoly  happens  that  the  size  of  tltc  planet  i« 
m>  gntil  that,  even  at  a  distunci?  of  more  millions  of  mile«  than 
tliere  are  days  in  the  year,  we  can  Ftill  trace  out  on  it«  surfsw 
aomc  of  tlie  eliameteriatic  features. 

Plate  XI.  gives  a  nerie*  of  four  (lifTc-i-cnt  vieivit  of  tlic  planet 
Jupit«r.  It  had  been  eopied  from  the  very  admirable  drawing*  of 
tliis  object  made  by  Mr.  L.  Trniivuli^t  at  the  Atttronomical  Obser- 
vatory of  Ilar\-ard  College,  United  States.  The  lint  picture  shows 
the  a)>pearaDoe  of  the  planet  on  February  2nd,  lS72,  tkn>i>gli  a 
powerful  refracting  telescope.  We  at  once  notice  in  this  drawing 
tliat  the  outline  of  Jupiter  ia  distinctly  elliptical.  The  surface  of 
the  planet  iisnally  shown  the  remarkable  iteries  of  belts  here  repre- 
sented ;  these  belts  are  nearly  parnllel  to  each  other,  and  to  tho 
equator  of  the  planet. 

When  Jupiter  i»  ohm-rvcd  for  an  Imtir  or  two,  the  appwanc* 
of  the  belts  undei^oes  some  cliaoges.  These  are  partly  due  to  the 
r^ular  rotation  of  the  planet  on  its  axin,  which,  in  a  [leriod  of  leu 
tban  live  hours,  will  completely  carry  away  the  hemisphere  we  first 
saw  and  replace  it  by  the  hemisphere  ori^nally  at  the  other  aide. 
But  besides  the  changes  tlius  arising,  the  belts  and  other  ft^ttures 
on  the  planet  are  ala»  very  variable.  Sometime«  new  U-ltN  »r  mark- 
ings appear,  and  old  ones  disappear ;  in  &ct,  a  thorough  examina- 
tion of  Ju]>iter  will  demonstrate  the  very  remarkable  fact  tttat  there 
■re  no  permanent  marks  whatever  ujwn  the  planet.  We  are  here 
immediately  reminded  of  the  contract  between  Jupiter  and  Mars; 
on  the  eiDstler  plauet  the  markings  are  almost  entirely  ]iermaui.i)t, 
and  it  has  been  possible  to  construct  maps  of  the  surface  with 
tolerably  accurate  detail ;  a  map  of  Jupiter  is,  however,  an  im- 
|ioM()bility — the  drawing  of  the  planet  which  we  make  to-uiglit  will 
he  different  lo  the  <lrawing  of  the  same  hemisphere  made  •  fc 
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week)!!  hcnoc.  In  t}iis  respect  thoro  is  iin  sinalof^  between  the 
Bppeanincc  of  Jupit<rr  and  the  appearance  of  the  eun. 

It  Khould,  liowi'vcr,  be  noticed  that  spots  oecaeionallj  appear  on 
the  planet,  which  wem  of  a  rather  more  permnDcnt  chanwlt-r  tliaii 
the  belt*.  We  nmy  i*p(rially  mention  the  ohjeot  known  a«  the 
great  lied  Spot,  wbicb  ban  been  a  very  romarlcahle  feature  upon 
Jupiter  Hinoc  the  year  187S,  and  Ik  prolnibly  xbown  on  lomc  of  the 
drawinge  mnde  several  years  earlier. 

The  oonclusion  is  irresistibly  foret-d  upon  us,  that  when  we  look 
at  the  stirface  of  Jupiter  wc  are  not  lookinfr  at  any  solid  body.  The 
want  of  permiincnce  in  the  features  of  the  planet  wiiutd  be  intel- 
ligible, if  the  curfiwc  \vc  nee  Ih-  merely  an  atmosphere  livleu  with 
clouds  of  siieli  density  that  our  vision  can  never  penetrate  to  the 
interior  of  the  planet.  The  belts  esfiecially  Kupjiort  thit  view;  we 
iiTV  at  once  reniindeil  of  the  etguatorial  zanies  on  our  own  earth,  and 
it  is  not  at  all  unlikely  that  iin  ohserver  utiHiciently  remote  from 
the  eartli  to  obtain  u  just  view  of  iU  ui>[iettrnncc  would  tiec  upon  its 
•urfaoe  more  or  less  perfect  eloud-belts  sufRijeHtive  of  those  OQ 
Jupiter.  A  view  of  our  ejirtli  wouhl  be,  ai  it  were,  intermediate 
between  a  view  of  Jupiter  and  of  Mar«.  lu  the  latter  ca»ie  tlie 
appearance  of  the  permanent  features  of  the  planet  is  but  to  a 
trifling  extent  ever  obscured  by  clouds  flruting  over  tlie  surface. 
Our  earth  would  nlwayM  W  partly,  and  often  perhaps  very  luTHely, 
covered  with  cloud,  while  Jupiter  seems  at  all  tiroes  completely 
enveloped. 

From  ftnotlier  kind  of  observation  we  are  also  taught  the 
important  truth  that  Jupiter  is  not,  superHcially  at  least,  a  solid 
body.  The  i»eriod  of  the  rotation  of  Jupit«r  around  its  axis  is 
derived  from  the  observations  of  certain  spots,  which  present  snfli- 
cient  (leliniteness  and  suflicient  i)ermanence  to  be  suitable  for  the 
purpose.  Suppose  one  of  these  spot*  to  lie  at  the  centre  of  the 
planet's  disc;  its  )xisition  is  carefully  meonun-d,  and  the  time  'w 
noted.  As  the  hours  pass  on,  the  spot  moves  to  the  vd^rc  of  the 
dise,  then  round  the  other  fide  of  the  planet,  and  back  again  to  the 
visible  disc.  When  the  spot  regains  the  position  origiitally  ooeit- 
piifd  tlie  time  is  again  taken,  and  the  interval  which  has  elapsed  is 
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cfllleU  tho  period  of  rotation  o(  the  pUiiot.  If  Ju{iit«r  were  a 
eultd,  uDd  if  all  these  features  were  fixt-d  uiwn  it«  surfiicc,  then  it  n 
perfectly  clear  that  the  time  of  rotation  a*  foun<!  h^-  any  one  tpot 
woald  coincide  precisely  with  the  time  yielded  by  any  oUnrr  ipot ; 
but  this  is  not  found  to  be  the  ease.  In  fiu-'t,  it  would  be  nearer 
the  truth  to  say  that  each  eixit  (^ives  us  its  own  apecial  period. 
Tier  ftrc  the  differences  very  ntinutc.  It  lias  txwn  found  that  the 
time  in  which  the  red  spot  is  carried  round  is  fivv  minutes  longer 
tluu)  that  recjiiired  by  cerlain  white  itpots  near  the  wjuator,  while 
eertoin  imall  Muck  spoU  bnvc  been  found  to  accx»nplixh  the  journey 
ill  even  two  minutes  less.  It  may,  therefore,  l>e  resided  as  cer- 
tain that  tixp  globe  of  Jupiter,  ko  far  tin  we  can  ttee  it,  is  not  a  sohJ 
body.  It  consists,  on  the  exterior  nt  nil  events,  of  clouds  and 
vajHirouB  masses,  which  Keem  to  be  ftgitatod  by  stornia  of  the  utmost 
intensity,  if  we  may  judge  from  the  eeaoelew  chanj^  of  the 
planet's  surrace. 

It  is  well  known  that  the  temjtestA  by  which  tlie  atmosphere 
surrounding  the  earth  is  convulsed,  are  all  ultimately  to  he  attributed 
to  the  h«at  of  the  sun.  It  is  the  heat  of  the  «un  which,  utritciug  on 
the  vast  continental  inassos,  warms  tlie  air  in  contact  tlierewitb.  This 
heated  air  becomes  lighter  and  riwtji,  while  air  to  supply  its  place 
must  flow  in  along  tlic  surface.  The  current  of  air  so  produced 
forms  a  breeze  or  a  wind;  while,  under  exceptional  circum stances, 
we  have  the  phenomena  of  cyclones  and  of  hurricanes,  all  ultimately 
due  to  the  sun's  heat.  Need  we  add  that  the  rains,  which  so  often 
Becom]«ny  the  storms,  have  also  arisen  &oro  the  sun's  heat,  which 
has  distilled  from  the  wide  expanse  of  ocean  the  moisture  by  which 
the  earth  is  refreshed? 

The  storms  on  Jupiter  seem  to  be  vastly  greater  than  those  on 
the  earth.  Yet  the  intensity  of  the  sun's  heat  on  Japiter  is  only  a 
mere  fraction,  less  indeed  than  the  twenty-fifth  part,  of  the  sun's 
Imtt  on  the  earth.  It  is  incredible  that  the  motive  power  of  the 
api>a)Iing  tempests  on  the  great  planet  can  be  entirely,  or  even 
Iftrgdy,  due  to  the  feeble  influence  of  solar  heat.  We  are,  lhen»- 
fore,  led  to  seek  fur  some  other  source  for  th«>so  disturbuiKHii.  That 
source  apptors  obvious  when  we  admit  that  Jupit«r  still  retains  a 


JVPITEB. 


221 


larfre  proportion  of  Ue  primitive  inf«rnal  lieat.  Jiut  as  the  «iin 
himself  ia  distracted  by  the  most  violent  tempests  in  eonse<iuenc«  of 
his  interaal  heat,  so,  in  »  lesser  decree,  do  we  observe  the  same 
phenomeTia  in  Jupiter.  It  may  also  be  ooticed  that  the  spots  on 
the  sun  arc  usually,  in  more  or  less  regular  zones,  paiutlel  to  the 
equator  of  the  sun,  and  in  this  respect,  not  dissimiUr  to  the  heltA 
on  Japiter. 

It  being  admitted  that  Jupiter  still  retains  wme  of  its  internal 
beat,  the  question  remains  as  to  how  much.  It  is,  of  course, 
obvious  that  the  beat  of  Jupiter  is  iocompambly  less  than  the  heat 
of  the  sun.  The  brilliancy  of  Jupiter,  which  make«  it  an  object 
of  such  splendour  in  our  midnight  sky,  is  only  derived  from  the 
same  source  which  illuminates  the  earth,  the  moon,  or  the  other 
planets.  Jupiter,  in  fact,  shines  by  reHocted  sunlight,  and  not  in 
Tirtue  of  any  brilliancy  of  his  own.  A  beautiful  proof  of  this 
truth  is  familiar  to  every  user  of  a  t^lcecopc.  Tlic  little  mtelUtes 
of  Jupiter  M>metim«e  come  between  him  and  the  sun,  and  tliey  east 
a  shadow  on  Jupiter.  That  shadow  i«  blaclc,  or,  at  all  events^  it 
■eemg  black,  relatively  to  the  brilliant  viirroundinf;  surface  of  the 
planet,  whence  it  must  be  obvious  that  Jujiiter  i»  indebted  only  to 
the  sun  for  its  brilliancy.  The  witcllik>i  Hupply  another  int«Teating 
proof  of  this  truth.  A  satellite  ttometimes  enters  into  the  shadow 
of  Jupiter,  and  lo  I  the  FBtelHte  vanislics.  It  vanishes  hcoansc 
Jupiter  has  cut  off  the  supply  of  sunlight  which  ]>rcviQUsly 
rendered  the  satellite  vi»iMo.  But  Jupiter  is  not  himself  able  to 
offer  the  satellite  luiy  light  in  place  of  the  sunlight  which  he  has 
interooptod,* 

Enough,  however,  has  been  demonstrated  to  enable  us  to  ]>ro> 
nounoe  on  the  question  as  to  whether  Japiter  can  be  a  body  to- 
Iiabit4-d  by  living  beings,  as  wc  understand  tlie  term.  Obviously  it 
cannot.  Tlie  internal  heat  and  the  fearful  tempests  seem  to  preclude 
the  possibility  of  organic  life,  even  were  there  not  other  arguments 
against  it.  It  may,  however,  be  contended,  with  perhaps  some 
plausibility,  that  Jupiter  has  in  the  distant  future  t)ie  prospect  of  a 

*  II  in  01117  '>(('>'  '<*  "^  ''"^'  f"^™"  utw-TVpn  Iwilinni  thul,  undnr  envpUoiial  (u» 
cuBBUncM,  |>MoU  of  JupitM  luvo  •lw«a  tuniB  lUgbt  tlegive  of  iDtri&de  ligllL 
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gluriuus  CAKcr  as  the  restdeDw  of  or^nic  life.  The  time  will 
ll«un.-ill}'  Komc  when  ihe  Jntenial  bent  muet  Buheide,  vrhen  thv 
clouds  will  (fradually  condense  into  oceans.  On  tlie  surfiitw  it 
may  th<.-n  be-  that  dry  lund  will  appear,  an<l  Uuis  Jupiter  may  be 
rvndcrcd  habitable. 

PVotn  this  sketch  of  the  pinnct  itself  we  now  turn  to  the 
intvreiitiiig  and  beautiful  Bystem  of  four  satellites  with  whieh 
Jupiter  is  attended.  Vie  have,  indeed,  already  found  it  nweifsiry 
to  allude  more  than  onee  to  these  little  bodies,  but  not  to  siieh  au 
extent  as  to  interfere  with  the  moiv  formal  treatment  wliieh  tlicy 
are  now  to  receive. 


Fig.  SI.— Jnpitei  nitd  bu  Fooi  Sfttvllitca  us  svon  in  a  UloKopo  of  low  power. 


The  discovery  of  these  satellites  may  be  regarded  aa  marking  an 
important  epoch  in  the  history  of  astronomy.  They  are  objects 
situated  in  a  remarkable  manner  on  the  border  line  wliieh  divides 
the  objeetn  vinible  to  the  luiaided  eye  from  those  which  require  telo* 
seopio  aid.  It  h^  been  stated  fre<picntly  that  these  objeeta  hare 
been  teen  with  the  unaided  eye;  but  without  entering  into  any 
OOntroverwy  on  the  matter,  it  is  suHieient  to  n^cite  the  well-knowu 
fwi  that,  notwithstanding  Jupiter  had  been  familiar  to  the  un- 
aided eye*  for  eountlcsB  centuries,  and  in  the  clearest  skies,  yet  no 
one  ever  discovered  the  satellitMi  until  (lalileo  tarned  his  newly- 
inventi'd  telescope  upon  them.  This  telenoojw  was  no  doubt  a  very 
feeble  inxtxuuent,  but  the  feeblest  inDtrumeut  \»  quite  adequate  to 
gliow  objeeta  so  close  to  the  limit  gf  visibility. 

The  view  of  the  plaSet  and  \X»  elaborate  syMem  of  four  aatel- 
tites,  as  shown  in  a  telescope  of  moderate  |>ower,  is  rcprraented 
ill  Fi^f.  51-     We  here  see  the  globe  of  the  planet,  and  nearly  in 
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ft  line  with  ii*  ocatre  lie  four  snuU  abjecte,  tbrec  on  side  and  oae 
OD  th«  other.  Theoe  little  objects  resemble  stars,  but  they  can  be 
distingiiUbed  fmm  stars  by  their  vvoseless  movements  around  the 
planet  which  they  never  fail  to  nccompimy  during  his  entire  circuit 
of  the  heavens.  There  is  no  inuru  {ilcusinj;  ^iioctAcle  for  the  student 
of  the  heavens  than  to  follow  with  his  tolBSCoi>o  the  movements  of 
Ihia  beautiful  system. 
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91.^I>un{ipcurBiic<M  ot  Jujritor's  SaitUit™, 

In  Pig.  hi.  we  have  repn^seiitcd  aome  of  the  varioua  pheno^ 
meoft  which  the  aatellitex  present.  The  long  blnvk  obiulow  iH 
Uiat  produced  by  the  interposition  of  Jupit«r  in  the  path  of  tlic 
Bun's  rays.  The  Heonnd  satellite  is  immersed  in  this  sliatlow, 
ftnd  consequently  eclipsed.  Tlie  eclipse  of  a  satellite  must  not  bo 
attributed  to  the  intervention  of  the  body  of  Jupiter  between  the 
•atidlite  and  the  earth.  This  occurrence  is  called  an  oceultation,  acd 
tlie  third  uitellitc  is  ehunni  in  this  condition.  The  second  and  the 
tliird  satellites  arc  thus  alike  invisible,  but  the  cause  of  the  invisi- 
bility is  quite  dilTerent  in  the  two  cases.     The  eclipse  is  much  the 
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more  striking  phenomenon  of  the  two,  1)ecause  the  satcllibc,  at  the 
moment  it  jitunges  into  the  sliadow,  is  still  at  som«  apjmriMit  dtstAnce 
from  the  edge  of  the  planet,  and  is  thus  Boen  clearly  up  to  the 
moment  of  the  eclipse.  In  an  ooeultation  the  satellite  in  passinf* 
behind  the  planet  is,  at  the  time  of  disappearance,  close  to  tbe 
pianist's  bri|;ht  edge,  and  tliu  extinction  of  tlie  liffht  of  the  mtellit« 
ojiniiot  be  ob»ervcd  with  the  tinmc  distinetuess  as  the  oocarranee  of 
nil  eeliinte.  A  Katvllite  also  ncitumcH  another  n-markable  situalioD 
when  it  i«  in  the  course  of  truiiitit  over  the  face  of  the  planet. 
The  Batellit«  itself  iti  not  always  very  easy  to  see  under  Bach 
cireiimatJiDceR,  but  the  beautiful  shadow  wliieli  it  casts  forms  a 
sharp  black  spot  on  the  surface  of  the  planet;  the  satellite  may, 
indeed,  sometimes  cast  a  shadow  on  tlie  planet  even  though  it 
be  not  actually  at  the  moment  in  front  of  the  planet,  so  far  us 
the  earth  is  eonccrned.  A  case  of  this  kind  has  treen  already 
exhibited  in  Plate  XI.,  in  which  we  see  the  small  diwi  of  the  wcund 
satellite  near  the  edge  of  the  planet  while  the  shadow  in  a  well- 
marked  black  spot  on  its  surface. 

The  periods  in  whi(.'h  (Jic  four  satellites  of  Jupiter  revolve 
around  him  are  n'.tp<«tively,  1  day  tShnt.  27  min.  .It  nee*,  for  the 
lirst;  ^  (lays  IShrs.  13miu.  42sees.  for  the  S4'ciind ;  TdaysShrs. 
42 min.  ^Ssecs.  for  the  third;  and  10 days  IChrs.  32 min.  Usees, 
for  tlie  fourth.  We  thus  observe  that  the  revolutions  of  Jupiter's 
satellites  are  much  more  rapid  tlian  that  of  our  moon.  Even  the 
tlowe«d  and  moat  distant  ttaleltite  on  Jupiter  retiuires  for  each 
revolution  less  than  two-thirds  of  an  ordinary  lunar  month.  The 
innenuoat  satellite,  revotvintr  as  it  does  in  less  than  two  days,  pre- 
sents a  striking:  series  of  ceaseless  and  rapid  chants,  and  daring 
every  revolution  it  becomes  eclipsed.  The  distance  from  the  centre 
of  Jupiter  to  the  orbit  of  the  ionennost  satellite  is  about  a  quarter 
of  a  million  miles,  while  the  radins  of  the  ontermoet  is  a  little 
more  than  a  million  miles.  The  second  of  the  satellites  proceeding 
outwards  from  tlie  planet  is  almost  the  same  siae  as  onr  moon ; 
the  other  three  satelliles  are  larj^r;  the  third  is  the  gnatestof  all, 
and  has  a  diameter  considerably  (greater  than  that  ol  the  moon. 

Among   the  many   interesting  UBtronomical  invtsUgutioos  to 
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which  the  ohserratioiu  of  Jupit«r't  )tau>tlitea  has  ^ven  riw,  no 
doubt  the  most  celehnitcd  u  that  Tootle  by  Roemer,  which  led  to 
tlie  discovery  of  the  velocity  of  light. 

The  eclipaca  of  Jupit-or's  sutellit«s  had  been  observed  for  many 
ycara,  and  the  timn  of  1h<;ir  occurrenoe  had  been  recorded.  At 
length  it  was  perceived  that  a  certain  order  reigiiod  nmonf;  tlie 
eclipses  of  the  satellites,  as  among  all  other  aetronomieal  pheno- 
menn.  When  ouce  the  laws,  according;  to  which  the  ccliptei 
recurred,  bud  been  perceived,  the  usual  cuiiseqiience  followed. 
it  iK-camc  possible  to  predict  the  time  at  which  the  ecliptfcn 
wDulil  nccur  in  future.  Tliosc  predictioiii'  were  mode,  and  it  wa* 
found  that  the  predictions  were  appr«ximiit«]y  verified.  Further 
improvement*  in  the  culcuhttions  were  made,  and  it  was  oought 
to  predict  the  time  with  rtill  greater  aa-uraoy.  But  when  it 
came  to  naming  the  actual  minute  nt  which  the  eclipse  should 
occur,  the  prc<)ictions  were  not  always  tmccessful.  Sometimes  thr 
eclipse  was  live  or  ten  minutes  too  soon.  Sometimes  it  was  five  or 
ten  minutes  too  late.  Dincrcpiincii-*  of  this  kind  always  demand 
attention.  It  in,  indeed,  by  wich  diiwrepaaeie*  that  dineoveri^-s  are 
often  made,  and  one  of  the  moHt  iat«r«tting  discoveries  ia  that 
now  before  us. 

The  irregularity  in  the  recnrrenoe  of  the  eclipses  was  at  length 
perceived  to  observe  oertain  rules.  It  was  noticvd  that  when  the 
earth  was  near  to  Jupiter  the  eclipse  generally  occurred  before 
the  predicte<l  time;  while  when  the  «arth  lutppened  to  be  at 
the  side  of  its  orbit  away  from  Jupiter,  the  eclipw;  occnrrctl 
after  the  predicted  time.  Onco  thi«  was  pn>veil,  the  great  dis- 
covery was  quickly  ma<le.  When  the  satellite  entvnt  the  ^dow 
ita  light  gradually  decreasea  until  it  disap|>cars.  It  is  tlie  last 
ray  of  light  From  the  eclijwed  satellite  that  gives  the  time 
of  the  eelipae ;  but  that  ray  of  light  baa  to  travel  from  thr 
Mitellite  to  the  earth  and  enter  our  teleMN>pc  Ixfore  we  can  note 
Llie  occurrence.  It  uxcd  to  be  Uiought  Uiat  light  travelled  instnn- 
tanenu:»ly,  ao  that  the  moment  the  eclipse  occurred  waa  maumed 
to  be  the  moment  when  Uie  eclipse  waa  seen  in  the  telescope. 
This  waa  now  |)erceived  to  be  incorrect.     It  was  found  that  light 
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took  time  to  trarel.  ViTien  the  earth  xna  near  JupiUsr  the  liifUt 
hiul  cnly  ft  abort  jouniey,  the  intetligene*  of  the  eclipse  arnv«d 
quickly,  and  the  eclipse  hapiwned  sooner  than  the  ca]culation«  iwH- 
cated.  ^Vhen  the  earth  occupied  a  position  far  From  Jupitvr  the 
light  had  ft  lon^rer  journey,  and  took  more  than  the  avernf^  time, 
so  that  the  eclipse  was  lat«r  than  (he  prediction.  Thi«  nmpls 
explanation  removed  the  difficulty  attending  the  pri-dietiono  of  the 
eclipses  of  the  snlellitcs.  But  the  diKcovi-ry  htui  a  wifriiifininee  far 
more  momentous.  \\'e  Icanuii  from  it  that  light  hmi  n  niiMisiirable 
velocity,  which,  occonling  to  recent  reswirolicd,  amounts  to  1H&,OQO 
miles  per  second. 

One  nf  the  most  eelehrattyl  mctlKHU  nf  nu-tmuring  the  distance 
of  the  sun  is  derived  from  a  com  hi  nut  ion  of  i>x{>eriRient(i  on  the 
V«lodty  of  light  with  n«trr>tinniicnl  mi'UHUn-nnrnls.  This  ia  a 
method  of  eon»)dcnil>Ie  relincinent  and  interest^  and  allhou)^  it 
doM  not  sativfy  all  the  neociuuiry  conditions  of  a  pt^rfectly  vatinfuc* 
toiy  method,  yet  it  w  tm|ionsil>lij  to  avoid  Home  refercn^w  to  it  ben*. 
Notwithstanding  thftt  the  velocity  of  light  is  ro  stnpendoaa,  it 
has  been  found  ]Misitihle  to  measure  that  velocity  by  actual  trial. 
Thiais  one  of  the  most  delicate  ex  |ieri  mental  researchca  that  baa 
e^'er  been  undertaken.  If  it  be  diBicult  to  measure  the  speed  of  • 
rifle  bullet,  what  shall  vrc  say  of  tbo  speed  of  a  ray  of  light,  which  i» 
nearly  a  million  times  us  grvat?  llow  shall  we  devise  an  apparatus 
subtle  enough  to  niensure  the  velocity  whiuh  would  girdle  tJic  earth 
at  the  equator  no  leea  than  seven  timcH  in  a  single  second  of  time  ? 
AH  ordinary  eontrivanoes  for  the  measnrenient  of  velocity  arc  \ten 
futile;  we  have  to  devise  an  iusilnimeat  of  a  wltolly  dilTrreDt 
chac«et«r. 

In  tJie  att«n)]>t  to  measure  the  nyioM  of  a  moving  Ivody  we  first 
mark  out  a  eertain  distance,  and  then  meaaure  tlic  time  wbicJi  tbe 
body  requires  to  tnverse  that  distance,  Vi'v  det^^miine  tbe  velocity 
of  a  railway  train  by  the  time  it  takes  to  fasa  from  one  mile  post 
to  tlie  next.  We  measure  the  speed  of  a  rifle  bullet  by  an  ingiv^nious 
contrivance  really  founded  on  the  samo  principle.  The  gmter  the 
velocity,  tbe  more  desirable  is  it  tliat  the  distance  tntverscd  daring 
the  trial  shall  be  as  large  as  possible.    lu  dealing  wiUi  tbe  mea«un>- 
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mcnt  of  the  velocity  of  light,  we  therefore  choose  far  our  meadured 
distance  the  f^-at««t  letij^th  tliat  may  be  conveoieiit.  It  is, 
however,  necessary  that  the  two  ends  of  the  line  ehall  be  visible 
from  each  other.  A  hill  a  mite  or  two  away  will  form  n  suitablo 
site  for  the  distant  station,  and  the  distance  of  the  selected  point 
on  the  hill  from  the  observer  miwt  bo  carefully  niencurrd.  The 
problem  iti  now  cwily  staled.  A  my  uf  Ii|;ht  ia  to  be  sent  from 
the  observer  to  the  distant  station,  kRil  thu  time  ocx-upicd  by  thiit 
ruy  in  the  jonrnfy  is  to  bo  mciisiircd.  We  may  sti{>j>OM>  that 
the  obtierver,  by  a  suitable  contrivance,  has  urran^-d  a  lanterD 
from  which  a  thin  ray  of  light  iMiiea.  Let  ua  nsaume  that 
this  ray  of  light  tmveU  all  thi:  wxy  to  the  diittant  Htation,  and 
there  falla  upon  the  aurfaoe  of  a  retlei-ting  mirror.  Instantly  the 
ray  of  light  will  be  diverted  by  reflection  iuto  a  new  direction 
depending  upon  the  inclination  of  the  mirror.  By  suitable  adjust- 
ment the  latter  can  be  so  jibtced  that  the  light  shall  Tall  ]>frpen- 
divularly  upon  it,  in  which  case  the  ray  will  of  courM  simply  ivfurn 
along  the  direction  in  which  it  came.  Lot  the  mirror  be  fixed  in 
this  position  throughout  the  couree  of  the  experiments.  It  followa 
that  tt  ray  of  light  starting  from  the  lantern  will  bi^  rutiimeil  to  the 
lantern  after  it  has  made  the  journey  to  the  distant  station  and 
back  again.  Imagine,  then,  a  little  shutter  placcil  in  front  of  the 
lantcm.  We  open  the  shutter,  the  rny  stn^ums  forth  to  the  remote 
rvHector,  and  luek  again  through  the  oi)oning.  But  now,  aft«r 
having  allowed  the  ray  to  pans  through  the  shutter,  Kupjuwe  we  try 
and  vh>Ke  it  before  the  my  luui  had  time  to  get  hiwk  aguiti.  AVhat 
fingers  eould  be  nimble  enough  to  do  this?  Kven  if  the  distant 
■tutiun  were  U-n  iniU«  away,  su  that  tlie  light  hail  a  journey  of  ten 
mites  in  going  to  the  mirnir  and  ten  miles  in  coming  baek,  yet  the 
whole  ooarw  would  be  accomplished  in  about  the  nine  thousandth 
part  of  a  second — a  period  so  short  that  even  were  it  a  thousand 
times  as  long  it  would  hardly  enable  manual  dexterity  to  close  the 
aperture.  Vet  a  shutter  can  b«  constructed  which  shall  be  nulBciently 
delicate  for  the  purpose. 

The  principle  of  this  beautiful  method  will  iMisnlRcit-ntly  ubvinua 
Croat  tlie  diagram  on  the  next  Jiagi;  (Fig.  53).     The  liguru  exhibit* 
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m  rough  view  of  llie  Inntero  and  llie  observer,  and  in  front  of  both 
is  a  large  wlieel  with  projecting  teeth.  Kach  tooth  as  it  pnfises 
round  eclipees  the  beam  of  li^ht  emorf>inff  from  tbe  lantero,  and 
bIr)  the  eye,  n-hich  is  of  couree  directed  to  the  mirror  at  the  distant 
station.  In  tlie  [lositioii  of  the  wlievl  hert-  shown  the  ray  from  the 
kntt-rn  will  [ikkm  to  the  mirror  iind  biu.-k  eo  iw  to  hu  vieibis  to 
thv  eye,  but  if  the  wlv-el  be  rotating  it  may  no  happen  that  the 
lionni  after  K>avitij;  lbi>  Inntern  ivill  not  have  timo  to  return  before 
the  next  tootb  of  the  whieel  eonu-s  in  frntil.  <if  the  eye  and  «ereen« 
i(.     If  the  wheel  be  urged  «tiil  fanter  the  next  looth  mny  have 
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]«u»ed  Iho  eye  ao  that  the  niy  af^ain  becomes  visible.  The  8pe«d 
at  which  the  wheel  i»  i-otating  can  W  missurcd.  We  can  thus 
determine  the  time  taken  by  one  of  the  teeth  to  pa»w  in  front  of 
the  eye ;  we  have  tliu*  a  miviture  of  the  time  oc<ru]nvd  by  the  ray 
of  liffht  in  the  double  journey,  and  hence  we  have  a  ucMurameiit 
oi  tlie  velocity  of  light. 

It  thus  appears  that  we  can  tell  tbe  Telocity  of  light  either  by 
th«  observations  of  Jupiter's  satellites  or  by  experimental  in(|uiry. 
If  we  take  Uie  latter  method,  then  we  are  entitled  to  deduce  remark- 
able astronomical  conso<|uence8.  We  can,  in  fart,  employ  thia 
method  for  solvinfc  that  preat  problem  so  often  referred  to— llio 
dialancc  from  the  earth  to  the  san — though  it  cannot  compete  id 
»ceunM-y  with  noinc  of  the  other  methods. 

The  dimeiiniouK  of  the  solar  HyAtcm  are  eo  considerable  that  u 
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■DDlieam  requires  an  appreciable  int«rviU  ot  tim(>  la  iipan  the  aliyM 
iriucli  M-jiumU-M  tlii^  eurth  from  the  huh.  Ki^ht  miuutcK  U  approxi- 
mately  th(>  durutioii  of  the  journey,  no  Uint  at  any  moment  we  see 
the  sun  as  it  appeared  eight  minutes  earlier  to  an  oboerver  in  its 
immediate  neigh  bourliootl.  In  faet,  if  the  nun  wi^e  to  l>e  suddenly 
blotted  out  it  would  still  be  eteeu  shiniDg  brilliantly  for  eight 
minutes  aft«r  it  had  really  disapjieared.  We  can  determine  tJitti 
period  of  time  from  the  eclipses  of  Jupiter's  satellites. 

So  long  as  the  satellite  is  shining  it  radiates  a  stream  of  light 
across  the  vast  space  between  Jupiter  and  the  earth.  When  tlie 
eclipse  has  commenced  the  little  orb  is  no  longer  luminous,  but 
there  is,  neverthdcss,  ii  long  elcuder  etxeam  of  light  on  its  way, 
and  until  all  this  has  {wured  into  our  telescopes  wc  still  see  the 
satellite  shining  an  before.  If  we  could  calculate  the  moment 
when  the  ccUinh;  really  took  place,  and  if  wc  could  observe  the 
moment  at  whi<Ji  the  cclipw;  i»  seen,  the  difference  Iwtwcen  the  two 
gives  the  time  which  the  light  <icc«pie!*  on  the  journey.  This  can  Iw 
found  nrith  some  accuracy;  and,  as  wc  already  know  tite  velocity 
of  light,  we  can  ascert«n  the  diKtance  of  Jupiter  from  the  earth ; 
and  hence  deduce  the  scale  of  the  solnr  Kystiim.  It  must,  how- 
ever, be  remarked  that  at  both  extremities  of  the  process  thera 
are  chnractenHtic  sources  of  uncertainty.  The  occurrence  of  tho 
eclipse  is  not  an  tntitantanoiiiisi  iilicnomcnon.  The  Mitellite  is  lurgw 
enough  to  require  an  api)re<;iable  tim<!  in  croiwing  the  boundary 
which  deHneM  the  shadow,  so  that  the  observation  of  »n  eclipse  is 
not  KufHeiently  preciM  to  form  the  luuis  of  an  im[>ortant  and 
accurate  meo^ui^ment.*  Still  greater  difficulties  accompany  th>- 
attempt  to  dehni:  the  true  moment  of  the  occurrenoe  of  the  «:li|i*e 
as  it  would  be  seen  by  an  obeeri-cr  in  the  vicinity  of  the  8at«llil«. 
For  this  we  would  require  a  far  moru  perfect  theory  of  the  move* 
ments  of  Jupiter's  satellite's  tliao  is  at  present  attainable.  This 
method  of  finding  the  sun's  distsne*  bold*  out  no  prospect  of  a 


"  riiifswnr  rirtiilnn.  el  CkmliriJgBtMMfc,lMMvliow»wr.«gbct«dll»hBport*iit 
liBpMTtotMit  «l  ■tounriDS  tho  dwlise  at  li^ht  ei  Um  nlsUila  ontogninK  eolipw  by 
Urn  photomcli'r.  Jiuvh  wlilitkiul  prvcitiua  amy  bo  anticipcUd  ia  tlia  roualla  ut 
sadi  obwrrstlons. 
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KBult  acomte  to  tJir>  onr-tlioiuiuulth  port  of  it«  amotint,  and  wa 
may  diacard  it,  inaamuch  ati  the  otlii^r  mcibMls  available  seem  to 
admit  of  much  higher  u^curncy. 

The  aat«lliti>B  of  Jupiter  have  Hpedul  attractionK  for  Uie  matlM- 
maticiao,  who  liiidit  in  them  a  moat  Htriktiig  iD.itanov  of  the  univer- 
sality of  the  Uw  of  gravitation.  The  autellit«ii  are,  of  counc, 
mainly  controlled  in  their  movemeuts  by  the  atlntctioD  of  the 
great  planet ;  but  tJiey  also  attract  each  otlier,  and  two  curimu 
conBtKjiieiices  are  the  renult. 

The  mean  motion  »f  the  fimt  satellite  in  Mwrh  duy  about  tlie 
centre  of  Jupiter  is  20a"-4890.  That  of  the  second  i«  lUI''-374», 
and  that  af  the  third  is  !)0"*3I77.  'lliese  quaiititicit  are  so  related 
that  the  following  hiw  will  be  found  to  be  observed  : 

The  mean  motion  of  the  Brst  Bateltite  added  to  twice  the  meno 
motion  of  the  third  is  exactly  equal  to  thruo  times  the  mean  motioo 
of  the  SL-cond. 

There  is  Hiiotber  law,  which  is  of  an  analogous  character,  and  is 
thus  expressed  (ihe  mean  longitude  being  the  angle  between  a 
fixed  line  and  the  radius  to  the  mean  place  of  the  patellite)  ;  If  (o 
tlie  mean  longitude  of  the  first  tiatcllite  wo  add  twice  the  mean 
longitude  of  the  third,  and  subtract  three  times  the  mean  longitude 
of  the  second,  the  difference  is  always  thO°. 

It  was  from  observation  that  these  taws  were  first  discovered  to 
he  true.  Laplace,  however,  sliowed  that  If  the  satellites  revolved 
nearly  in  this  way,  then  their  mutual  perturbations,  in  aeoordanoe 
with  the  law  of  gravitation,  would  preserve  them  in  this  relative 
position  for  ever. 

It  follows  from  the  second  law  that  when  two  of  the  satellitee 
are  in  line  on  one  side  of  Jupiter  the  other  satellite  must  be  in  the 
■■me  line  on  the  opposite  side  of  the  pUnct.  Tlie  fourth  satellite 
does  not  enter  into  considention  in  thvce  laws. 

We  simll  eoncUulc  with  the  remark,  that  the  discovery  of  Ju- 
piter's satellites  wiui  reiklly  the  grt«t  conBrroation  of  the  Ct^micao 
theory.  Copernicus  had  asked  the  world  W  believe  that  our  sun 
WAS  a  great  body,  and  that  the  earth  and  all  the  other  planets  were 
Bmall  bodies  revolving  around    the  great   one.    This  doctnae^  so 
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repuffnant  to  the  theoriM  previously  held,  and  to  th«  immediate  evi- 
AcDce  of  our  bcdmcs,  could  only  W-  c-etaltliolied  by  a  rcfiucd  wursc  of 
TV  uoning.  The  discovery  of  Jiipitvr'it  vutcllitcv  wM  very  oj>portutit*. 
Ilcrt-  wr  liikd  an  cxriuiiiitv  oculiir  dL-muuiil.mtiou  of  u  HycU-m,  thougli, 
iif  wunw,  "11  a  much  iimnller  scale,  }im.'i»ely  ideDtical  with  that 
whkh  Copernicus  had  proposed.  The  aatronomer  wliu  had  wntdied 
Jupiter's  uoom  circling  around  their  primary,  who  had  ooticed 
tlicir  cc-lipses  and  all  the  InU-reKtinK  phenomena  attendant  on  them, 
Kaw  before  his  cye«,  in  a  maimer  wliolly  unmietakahle,  that  the 
great  planet  controllei]  thote  itmall  bodice,  and  forced  them  Ut 
revolve  around  him,  and  thus  exhibited  »  miniature  of  the  (^reat 
Botar  eystvm  itself.  "  Atf  in  the  cum:  of  tlie  Bpot«  on  the  sun, 
Galileo's  announcement  of  thiti  diacuvery  wa«  n.-veived  with  incredu- 
lity by  those  philottophers  of  tlie  day,  who  believed  tltat  overytbing 
in  nature  wiw  dc><cril)ed  in  the  writings  of  AriHtotlc.  One  eminent 
astronomer,  ClaviuH,  «uid  that  to  see  the  utellit««  «uu  must  have 
a  telescope  which  would  produce  them ;  but  he  changed  his  mind 
88  soon  as  he  miw  Uiem  himself.  Anotlier  philosopher,  morv  pru- 
dent, refused  to  pot  his  eye  to  the  telescope  Irst  he  sliuuld  see  them 
and  he  convinced.  Me  died  shortly  aflerwurds.  '  I  hope,'  said  the 
oiuslic  Galileo, '  that  he  saw  them  while  on  his  way  to  bearvn,"'* 


*  "  Newcomb'i  ropular  Aftroamaj,"  p.  136. 
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The  romtioo  of  Ratum  in  llin  8)-4tsm — 8atam  onn  of  tiio  Hirm)  mOKt  IntorMtinir 
UbjfltU  in  tho  tlmvtii — Cotnpiuvd  with  Japil«r— Sutnm  to  the  t'naided  Ry« 
— MUti»l»-«  rvUliuit  to  tllo  Plaritt — Density  of  Saturn— Li (('il<i  thjin  Wiit«— 
Tlio  ItMauolioa  at  Onllloo-^Wliat  tin  tmmd  in  Siitiirn— A  Myttxriuu*  ObjncI — 
^M  Dwoprniaa  nwdo  by  Huyghou  huU  ii  Conlury  Isli^r— Uow  the  Exiitcnco  of 
Uia  Kinit  wM  Di'monstnitt-il — Invisibility  of  (Uu  liiriK*  vvi'iy  Kifloen  Yotn — 
Tho  Itntntion  of  the  PLinol— Thi-  (.'ul'ilmil'*!  Cj-pliti— Thn  F^plftiMtioiv— 
I>nkwiiig  of  S«tuni— Th"  Dark  Lino — W.  IIi'ThIioI'i  ItMcarcbni— I>  tho 
l>iviiii<iii  ja  tho  Kiu^  iviilty  a  Srpuration  t — l*u«tbility  ft(  Docidiag  the  Quot- 
tian—Tho  Iting  in  o  CHliuit  I'LiBition^Ai-v  Ibuto  otlior  DiTUcma  In  th«  Hiim  Y 
— The  Third  King  -llu  it  ajipflorod  but  rcceotly  T — Fkydtal  N*tiini  «( 
SAtui-n'a  Itiiiit*— Con  they  bu  Solid  ^—CllIl  they  uvon  b»  Shoibr  Ring*  F— A 
Fluicl— Probable  Nntiim  of  lh«  KiiiKii—A  M<illitud»  of  SmkU  SMtolKta*— 
AnnluKy  of  the  Bings  of  SgtnTn  to  Ui*  Group  of  Minor  Plnnnta— Problcml 
iiiiKKiwhKl  by  tfalum  Tho  Oronp  of  SatoUitoi  to  Sutum— Tho  DlM«v«alM  at 
Additioniil  fiatelUton — The  Orbit  of  Sktiun  not  tho  Froiitior  of  our  Syitcin. 

At  ft  ]>roroimtl  diitliiiict-  in  spiu-c,  n-likh  sotnolimcs  iipproachM  to 
nt-arly  a  thouKJLiid  tnillions  of  miles,  tlio  plunut  Stitum  prrforms  its 
mtglitjr  revolution  around  thf  sun  in  u  p4;rjo<l  of  ovor  m  qiiurtfr  of  a 
century.  Tin*  gigmitic  orbit  fornu'd  tUc  boundary  to  Uitf  plnnetar}- 
^Btem,  M  fftr  m  it  wu»  known  to  the  ancientd. 

Although  Sntum  i*  tiot  mi)  great  a  body  aa  Jujiiter,  y«t  it  vastly 
excecdfl  the  i-arlh  in  bulk  and  iii  mans,  and  is,  indeed,  much  grvnU-r 
than  any  an«  of  l\i<i  planets,  Jupiter  alone  excepted.  Hut  while 
Saturn  munt  yield  the  ])alm  to  Juplt«r  bo  far  as  mere  diuiennona 
are  conr^rm-d,  yet  it  will  lie  generally  admitted  that  even  Ju|>it<-r, 
with  all  the  retinue  by  which  he  is  attended,  cannot  compete  in 
beauty  with  the  marvellouii  svEtem  of  Saturn.  To  the  preaeot 
writer  it  has  always  seemed  that  Saturn  is  one  of  the  three  most 
interesting  celestial  objects  visible  to  observerB  in  northern  latitudex. 
The  two  others  will  occupy  our  attention  tn  future  chapters.  They 
are  the  great  nvbida  in  Orion,  and  the  star  cluster  in  Ilerculee. 
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So  fur  nx  (Jii>  pflobo  of  Sutum  is  concornod,  tvc  do  not  meet  with 
any  fenturcs  which  give  to  tho  pluoot  any  exceptional  intiircgt. 
The  globe  in  IcM  thun  that  of  Ju]>it(;r,  an<]  as  the  Utter  is  alw 
much  nearer  to  us,  the  appitrent  rize  of  Saturn  is  in  a  tn-o-fold  way 
much  smaller  than  that  of  Jupiter.  It  should  also  be  noticed 
that,  owing  to  the  greater  distance  of  Saturn  from  the  sun,  its 
intrinsic  brilliancy  is  loss  than  that  of  Jupit«r.  There  are,  no  doubt, 
certain  marks  and  bands  often  to  be  seen  on  Saturn,  but  they  arv 
Sot  nearly  so  striking  nur  so  eharaeteristic  as  the  e?er-vanablc 
belts  upon  Jupiter.  The  telescopic  appearance  of  the  globo  oC 
Saturn  must  abo  bo  ranked  as  greatly  inferior  in  interest  to  that 
of  Alars.  The  delicacy  of  detail  n-hich  we  can  see  on  Mars  when 
favourably  placed  has  no  parallel  whatever  iu  the  dim  and  distant 
Saturn.  Nor  lins  Saturn,  regarded  again  merely  as  a  globe,  aoy- 
thiug  like  the  interest  of  Venus.  The  great  splendour  of  Venus  is 
altogetlier  out  of  comiiurison  to  that  of  Saturn,  while  the  brilliant 
crenceiit  of  Vcnuii  io  infinitely  more  pleasing  than  any  telescopic 
view  of  the  glolte  of  Saturn.  Yet  even  while  we  admit  all  thia  to 
the  fullcttt  extent,  it  does  not  invalidate  the  claim  of  Saturn  to  be 
one  of  the  most  supremely  beautiful  and  interesting  objects  in  the 
heavens.  Thia  interest  is  not  due  to  his  globe ;  it  is  due  to  that 
marvellous  system  of  rings  by  which  Saturn  is  surrounded — a 
system  wonderful  from  every  point  of  view,  and,  so  fur  as  our 
knowledge  goes,  without  a  parallel  in  the  wide  extent  of  tlio 
universe. 

To  the  unaided  eye  Saturn  usually  appears  like  a  stur  of  the 
firwt  miignitudc.  Its  light  alone  would  hurdly  tic  suHicient  to  dis- 
eriminute  it  from  many  of  the  brighter  I'lxed  stars.  Yet  the  ancients 
were  acquainted  with  Saturn,  and  they  knew  it  a*  a  planet.  It  wua 
included  with  the  other  four  great  plandu — Mereury,  Venus,  Mars, 
and  Jupiter — in  the  group  of  wanderers,  which  wito  Iwund  to  no 
fixed  points  of  the  sky  like  the  stars.  On  aoeoiint  of  the  great 
distance  of  Saturn,  its  movements  ore  mneh  slower  than  those  of 
the  other  planets  known  to  tlie  ancients.  Twenty-nine  years  and  a 
half  are  n-quired  for  this  distant  object  to  complete  its  circuit  of 
the  hearctu ;  and,  tlivugh  ttiis  movement  ia  alow  compared  with  tlie 
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inceesaitt  changes  of  VenuR,  yet  it  b  rapid  enough  to  attract  t)ie 
attention  of  any  cureful  obwrvcr.  Iii  m  wiigleyear  Saloro  movt-a 
through  a  distance  of  about  tweh'«  degrees,  a  quantity  xuffioitrDtly 
larp?  to  lie  eonepictioue  to  casual  oW-rvatiou.  Kven  in  a  month 
tho  planet  traverses  an  arc  of  the  diy  wbiuh  c&n  ]>e  detected  by 
any  one  who  vrill  take  the  trouble  to  mark  the  place  of  Uie  phntt 
with  Rgard  to  the  Btars  in  its  i-ioinity.  Those  who  are  privileged 
to  use  accurate  astronomical  instruments,  cau  readily  detect  th« 
motion  of  Saturn  in  a  few  hours. 

The  aveiaf^  distance  from  the  sun  to  Saturn  is  about  8M 
millions  of  miles.  The  path  of  Saturn,  as  of  every  other  pUn«t,  is 
really  an  ellipse  with  thi!  sun  in  the  focus.  In  the  case  of  Saturn 
the  shape  of  this  ellipse  is  very  appreciably  different  from  a  piirvly 
circular  path.  Around  this  path  Saturn  moves  with  an  aveiBj^* 
velocity  of  5'1)6  miles  per  second. 

The  mean  diameter  of  the  globe  of  Saturn  is  about  71,0(H) 
mile*.  lt«  equatorial  diameter  is  abont  74,000  miles,  and  it*  polar 
diameter  68,000  miles — tlje  ratio  of  these  numbers  being  approxi- 
mately that  of  10  to  U.  It  is  thus  obvious  that  Saturn  departs 
from  the  truly  spherical  shape  to  a  very  marked  c\tvnl.  Tlie  pn^ 
tubcrance  at  its  equator  must,  no  doubt,  be  attributed  to  th«  hi^b 
velocity  with  which  the  planet  is  rotating.  Tlie  velocity  of  rot«- 
tion  of  Saturn  is  more  than  double  as  fast  as  that  of  the  vurtb, 
Utough  it  is  not  quite  so  fast  as  that  of  Jupiter.  Satuni  makui 
one  complete  rotation  in  10  hrs.  14  mio.  23'8  sec*. 

We  have  nlrtiuly  commented  upon  the  low  dcniiity  of  the  mate- 
rials of  JujiiUtr,  and  wc  have  endeavoured  to  account  for  that  low 
dcniiity  by  the  ituppo«iti«n  that  internal  heat  in  stili  present  in 
Ju]>iter  to  a  conxidcrable  extent.  We  cun  a]>ply  the  Kame  reasoniny 
with  still  greater  emphasis  to  Saturn.  Tlw  liglitjieu  of  this  planet 
is  such  as  to  be  wholly  incompatible  with  the  supposition  tliat  it« 
globe  is  constituted  of  solid  materials  at  all  comparable  with  tboee 
of  which  the  cnal  of  our  earth  is  composed.  The  satellites,  which 
surround  Snliirn  an<l  fonn  a  system  only  less  interesting  than 
the  renowned  riiigK  thcmsclvex,  enable  its  to  weigh  the  planet  in 
I'VDiparison  with  the  sun,  and   heucv  to  deduce  its  actual  mass 
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relatively  to  the  earth.  The  tmuU  in  not  a  little  remarluble.  It 
■ppmre  that  the  density  of  thv  uirlh  iif  eight  times  ad  ^rcat  sa 
that  of  Saturn.  In  fot-t,  the  (kintity  of  the  Utter  la  ]eita  than 
that  of  water  itself,  eo  that  a.  niinhty  globe  of  wuter,  eciual  in 
bnllc  to  Sntiini,  woiilil  iKrtuuIly  wei^h  more.  If  vre  eould  conceive 
a  raer  ocean  into  which  a  gluUc  e<iiiul  t')  Saturn  iu  size  and  weij^ht 
were  cast,  the  great  g^lohc  would  not  *in\t  like  our  earth  or  like  any 
of  the  nthrr  [ihinoi« ;  it  wuuhl  Hoat  hunyantly  at  the  surf ai<e  with 
one-fourth  of  itK  bulk  out  of  the  water.  ^Ve  thuit  learn  with  hi|;h 
probability  that  what  our  telescopes  tihow  u]xin  Saturn  is  not  a  solid 
eor^e,  but  merely  a  vast  envelope  of  clouds  surroandint;  a  highly 
heated  interior.  It  is  impossible  to  resist  the  sug^stion  that  this 
phwet,  like  Jupiter,  has  still  retained  its  heat  because  its  msHX  t* 
DO  larf;|e.  Wemuat,  however,  allude  toacircumstan<*  which  perhaps 
may  eocm  somewhat  inconsistent  with  the  view  here  taken,  ^^'c  have 
fouitd  that  Jupiter  and  Saturn  are,  lioth  of  tliem,  much  less  dense 
than  the  earth.  When  we  compare  the  two  planets  leather,  it 
uppi-aru  that  Saturn  ia  much  less  dense  than  Jupiter.  In  fact, 
every  cubic  mile  of  Jupiter  weighs  nearly  twice  as  much  as  each 
cubic  mile  of  Saturn.  This  would  seem  to  point  to  the  conclusion 
that  Saturn  is  the  more  heated  of  the  two  bodiea.  Yet,  as  Jupitvr 
is  the  larger,  it  might  more  reasonably  liave  been  expected  to  be 
the  hott<!r.  We  do  not  attempt  to  reconcile  this  diBcrcpniicy  ;  in 
faet,  in  our  ignorance  as  to  the  material  coD£tilution  of  these  bodies, 
it  would  \x  idle  to  cliscuss  the  question. 

Even  if  we  allow  for  the  liffhtness  of  Saturn,  as  eumiHuvd 
bulk  for  bulk  with  the  earth,  yet  the  volume  of  Satuni  is  so 
enormous  tliat  the  planet  weighs  more  than  eighty  times  as  much 
as  the  earth.  Tlie  adjoining  view  repreaeuts  the  relative  aixM  of 
Saturn  and  tlie  earth  (t'ig.  54}. 

Aa  the  unaided  eye  diticloset  none  of  thoao  marrtla  by  which 
Saturn  is  surrounded,  tlic  inteimt  whirh  attaehaa  t«  tbia  planet  may 
lie  aaid  to  oommenev  from  the  time  w1h>»  it  begun  to  be  obaerved 
with  the  telescope.  The  history  must  be  Imefly  alluded  to,  tor  it 
was  only  step  by  step  that  the  n-al  natnra  of  this  complicated  object 
was   understood.     Wheu   (ialileo   completed  hi*   littlo   refracting 
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t«Ie§cope,  which,  th'juyh  it  only  mag'niBed  thirty  tiiii«*,  wm  y«t  an 
enormous  addition  to  thv  powon  of  unaided  vision,  he  made  with 
it  his  memorable  revi«w  of  the  heuvenK.  He  saw  the  apots  on  the 
sun  and  the  mountains  on  the  moon ;  he  notii-eil  tliu  oifscvnt  of 
Venus  and  the  Mitelliteti  of  Jupiter.  Stimulat^'^l  and  encouraged 
by  auch  brilliant  dtwvovvrieB,  he  naturally  sought  to  examine 
the  other  planets,  and  n4:cordinfT|y  directed  his  telescope  to 
Sutuni.  Here,  a^in,  Gnliieo  nt  once  mailc  n  dineorery.  He 
«aw  that  Saturn  prefieutud  u  visible  form  like  t]ie  other  planets, 


fix.  I>1. — Ik'lutive  Shalt  of  Saturn  Hud  Ibv  EhtIIi. 

but  that  it  differed  from  any  other  teleaeopio  object,  inasmui-h 
aa  it  appeared  to  him  to  be  composed  of  three  bodies  which 
always  touched  coeh  other  and  alwap  maintained  the  same 
relative  positions.  These  three  bodies  were  in  a  line — the  central 
one  was  the  largest,  and  the  two  others  were  cast  and  west  of  it. 
There  was  nothing  he  had  hitherto  seen  in  the  heavens  whteh  fiUeU 
hia  mind  with  such  astonishment,  and  which  seemed  bo  wliolly 
inex]>lt  cable. 

In  his  endeavours  to  study  this  object  thoroughly,  Galileo  con- 
timtet]  his  observations  during  the  year  1610,  and,  to  his  amaiement, 
he  saw  the  two  lesser  botlies  gradually  become  smaller  and  smaller 
nntd,  in  the  coiirw  of  the  two  following  years,  they  had  entirely 
vanished,  and  the  planet  aiuipty  upi>earvd  with  a  round  dlac  likl 
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Jupiter.  Here,  again,  was  a  Dew  source  of  anxiety  to  Gali)«o. 
He  had  at  that  day  to  contend  af»ainst  the  advocates  of  the  uncicut 
sj-stem  of  sfitronomy,  who  derided  bis  disooveries  and  rcfiiMid  to 
accept  his  theories.  He  had  announced  hie  obaervation  of  the  com- 
pnttile  nature  of  Saturn ;  he  had  now  to  tell  of  the  ^radiuil  dvdiiio 
and  the  ultimate  extinction  of  t1ie«e  two  auxiliary  globce,  and  ho 
naturally  fearetl  that  hi.*  n]i{ionent«  would  Boize  the  ojiportunity  of 
priinouncing  that  the  whole  of  his  ohacrvationa  were  illimory.* 
"  What,"  he  remarks,  "  i«  to  be  naid  concerning  «o  strung  a  na-ta- 
niorphosis  ?  Are  tho  two  le*»er  stars  consumed  after  the  munncr 
of  the  solar  s[)ot»i  f  Have  they  vanished  and  suddenly  lied  ?  ilur< 
Saturn,  perhajw,  devoured  his  own  children  ?  Or  were  the  apjH^ar- 
ances  indeed  illusion  or  fraud,  with  which  the  <;laaseB  have  bo  long 
deceived  me,  as  well  as  many  others  to  whom  I  have  shown  tJirm  ? 
Now,  perhaps,  is  the  lime  come  to  revive  the  well-Di^h  withered 
hopes  of  those  who,  guided  by  more  profound  con teniplat ions,  have 
discovered  the  fallacy  of  the  new  observationf>,  and  demonstrat4^ 
the  utter  imposailiilily  of  their  ciistenee.  I  do  not  know  what  to 
say  in  a.  case  so  uuriirisiug,  so  unlooked  for,  and  so  novel.  The 
«hortness  of  the  timi?,  the  unexpected  nature  of  the  event,  the 
weakness  of  my  uuders landing,  and  the  fear  of  being  miataktin, 
have  greatly  confounded  me." 

But  Galileo  was  not  mistaken.  Tlie  ohjcctn  wer«  really  then 
when  he  first  began  to  obsene,  they  really  did  decline,  and  tJlfty 
really  disappeared  ;  but  this  dirappcarancc  was  only  for  a  lime^ 
tbey  again  came  into  view.  They  were  then  subjected  to  oeoseleM 
examination,  until  gradually  their  nature  became  unfolded.  With 
increased  telescopic  power  tt  was  found  that  the  two  bodies  which 
Galileo  liad  described  as  globes,  or  spheres,  near  Saturn,  were  not 
really  spherical — they  were  rather  two  luminona  crescents  with  the 
concavity  of  each  turned  towards  the  great  central  globe.  It  was 
also  perceived  that  these  objects  underwent  a  remarkable  serica  of 
periodic  changes.  At  the  be^pnning  of  such  a  ttrrivs  tlie  planet 
was  found  with  a  truly  circular  disc.    The  appendages  Hrst  ajtpeared 
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u»  two  armK  cstrntlini'direcilyootwanls  on  each  eiJe  ©f  the  plunel; 
then  UifW  annit  (fmdiml ly  opi'iu'd  into  two  cre«ci.'nt«j  retiembliii); 
biindlfK  to  the  globe,  niitl  nttnincd  tbcir  miixiiniim  widtb  nCter  about 
•even  or  eight  yimn  ;  then  thpy  begnii  to  contract,  until  after  the 
bpw  of  about  the  same  time  they  vHiUHhed  a^in. 

The  triio  nfttiire  of  these  objcctf  waa  at  length  diMnvered  by 
Huyghen*  in  1655,  nearly  half  a  century  after  (ialileo  bad  first 
detected  their  appennince.  He  diwoven^d  the  nhudow  thrown  by 
the  ring  upon  the  glolw,  und  bi«  t-xplanatiuu  <■[  tlie  }ibei)omcna  waa 
obtuiu«d  in  n  very  philiHWphienl  manner.  H«  noticed  that  the  earth, 
tb«  Hun,  and  tlic  moon,  rotati<d  upon  their  axes,  and  lie  llterefore 
regarded  it  nit  a  general  Iiiu'  that  encb  one  of  the  bodicit  in  iha 
aystcm  rotates  abnul  an  iixin.  No  doubt  at  that  early  period  nu 
observations  hrnl  been  miidt;  which  actually  sIiowihI  tlial  Saturn  wis 
dao  rotating;  but  it  would  be  highly,  nay  indeed  infinitely,  impro- 
bable that  any  planrt  tihuuld  be  devoid  of  rotation.  All  the  analo- 
gies  of  the  Bystem  pointed  to  the  eonclusinn  that  the  velocity  of 
rotation  would  be  connderable.  One  sntellitoof  Saturn  was  already 
known  to  revolve  in  a  period  of  sixteen  dnys,  being  little  more  than 
half  our  muntb.  IluyghenN  assumed — and  be  wai  entitled  to  the 
aitsumptiuii — tbut  Saturn  in  all  probability  rotated  rapidly  on  its 
oiift.  It  waA  aUo  tu  be  observed  that  if  theae  n-markable  appendaf{«a 
were  attached  by  an  actual  tiodily  connection  to  the  planet  they 
must  rotate  with  Suturn.  If,  however,  the  appendages  were  not 
actually  attached  it  would  atill  be  ncceaaary  tluit  they  should  rotate 
if  the  analog  of  Saturn  to  other  ohjeeta  in  the  ay8t«m  wer«  to  b« 
in  any  degree  preeerved.  We  see  satellites  near  Jupiter  which 
revolve  around  bim.  We  see,  nearer  home,  how  the  moon  revolvea 
around  the  earth.  We  see  how  all  the  planetary  eyetem  revolve 
around  the  sun.  All  these  enn«id era t ions  were  present  to  Huygheni 
when  he  came  to  the  conclusion  that,  whether  the  curious  a[H 
petidaffc*  were  actually  attached  to  the  p)an«t  or  were  physioallj 
free  from  it,  they  must  etill  be  in  rotation. 

Provided  with  such  reasonin)^  it  soon  became  tasy  to  conjecture 
the  true  nature  of  the  Saturnian  system.  We  have  seen  how  once 
every  fifteen  years  the  appendages  dccliDed  to  invisibility  and  tliea 
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(vradnmlly  reai^cmrcd  in  tbr  form,  mt  fmt,  of  rectilinear  arms  |>r»* 
JMting  outwards  from  tlw  planet.  Th«  prugivwvo  devclopau-ot 
is  k  slow  one,  and  for  weeks  and  month*,  night  after  ni^t,  the 
same  appntrance  is  prvoented  with  but  little  cban^^.  But  all  this 
time  both  Satiira  and  the  mystcriouB  objects  around  him  are  rotating. 
Whatever  tlwMC  mar  l>c,  th«y  pn^scnt  the  same  appearand.'  to  tbs 
eye,  notwitluitAading  tJicir  ceaseless  motion  of  rotation.  Xow  what 
must  Im-  the  »Jinpe  of  an  object  wliich  sat!efi«s  tlic  coinlitionit  hen? 
implied?  It  urill  obviously  uut  suffice  to  regnnl  the  projoctioiw  as 
two  spokes  diverging  from  the  planet.  They  would  oliange  from 
visibility  to  invisibility  in  every  rotation,  and  thus  there  would  be 
maaeWa  alterations  of  the  appearaitce  iiiHtcmi  of  thmt  alow  and 
gradual  (change  which  ri?quirc8  fifteen  yearn  fur  a  complete  period. 
There  are,  indeed,  other  considerate ona  which  preclude  the  possibility 
of  the  objects  being  anything  of  this  character,  for  they  are  always 
of  tho  name  length  as  compared  n-ilh  the  diameter  of  the  planet. 
A  little  reflection  will  ehow  that  one  suppoeition — and  indeed  only 
one — will  meet  all  the  facts  of  the  case.  IE  there  were  a  thin 
xymmetrical  ring  rotating  in  ita  own  plane  around  the  equator  of 
Saturn,  then  the  persistence  of  the  object  from  night  to  night 
wtmld  be  accounted  for.  This  at  once  removes  the  greater  part  o( 
the  difficulty.  For  the  rest,  it  wna  only  necessary  to  suppose  that 
the  ring  was  so  thin  that  wlicn  turned  acttuilly  edgewise  to  the 
earth  it  became  invisible,  and  then  as  the  illuminated  side  of  the 
plane  became  turned  more  and  more  towards  the  earth  the  appen- 
dagee  to  the  planet  grodimlly  increased.  The  handle-shaped 
appearance  which  (he  planet  pcriodieully  assumed  dcmonKtmted 
that  the  ring  wax  not  attached  to  tlic  globe.  At  length 
ItuyghenM  found  tl>at  be  liod  the  clue  to  the  great  enigma  which 
had  perplexed  astronomers  for  the  last  fifty  yean.  He  saw 
that  the  ring  was  an  object  of  the  most  astonishing  intcml, 
unique  at  that  lime,  as  it  is,  indeed,  unique  still,  lie  felt,  how- 
vver,  that  he  had  hardly  demonstrated  the  matter  with  all  the 
eertiunty  which  it  merited,  and  which  be  thou<;ht  that  by  further 
attention  he  eould  secure.  Yet  he  was  loth  to  hazard  the  hws  of 
his  discovery  by  an   undue  postponement  of   its  aoaouacement, 
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lest  aomi>  other  astronomer  might  inU-rvene.  How,  tlien,  waa  he  to 
becure  his  priority  if  the  discovery  should  iiiru  out  correct,  and  At 
the  same  time  be  enabled  to  perfect  it  at  his  leisure?  lie  adopted 
the  course  not  unusua.1  at  the  time,  of  making  his  first  announov- 
ment  in  cipher,  and  accordingly,  on  Miurch  6th,  Id&ti,  he  pub- 
lished a  tract,  which  contained  the  following  proposition  : — 


Hiutiuin* 

ceccc 

d 

wotc         K 

iliiiii 

1111 

mm 

nnnnnniinii 

«uoo  pp 

q  a 

«  ttm 

UUUUI) 

Pn-hnps  Bomft  of  those  curious  persons  whose  succeeson  now^ 
devot*  80  much  hihour  lo  douhle  acrostics,  may  have  ponderfd  on 
this  rcuowncil  cryptograph,  iind  even  attempted  lo  <ieciphcr  it. 
But  even  if  such  atlcmpts  wen  mudu  ne  do  not  learn  that  thi^y 
were  successful.  A  few  ywirB  of  further  study  wai;  thus  wjcured 
to  Huyglieiwi.  He  t^-stctl  his  thcfiry  in  every  way  that  he  could 
devise,  and  he  found  it  verified  in  every  detail.  He  therefor* 
thought  that  it  wns  needless  for  him  any  longer  to  coiwoal  from 
tlic  wnrlil  his  great  discovcrj',  and  acconlingly  in  tho  year  lfi59 
— uliotit  three  year*  nl'ter  the  appearance  of  his  cryptogruph — 
he  announced  the  interpretation  of  it.  Ily  reslonng  the  letters 
to  Uieir  original  arrangement  the  discovery  was  enunciated  io 
the  following  words: — '*  Annulo  riiigi/iir,  leitHt,  p/an^,  ini»quam , 
ftiAa-rentr,  ad  eelipticam  inflinato,"  whiirh  may  be  translated  inU) 
tlie  statement : — "  The  [ilimet  is  surroundtsl  by  a  ulender  flat  ring 
everywhere  distinct  from  its  iturface,  and  inclin<'d  ia  the  ocliplio." 

Hiiy^hinM  was  not  cmtrJit  willi  merely  demonstmting  how  , 
fully  Ihiii  axHumption  explained  all  the  olwerved  phenomena.  Ha' 
ouhniitted  it  to  the  further  and  most  delicate  t«st  which  «a  b« 
applied  to  any  astronomical  theory.  He  attempted  by  its  aid  to 
make  a  prediction  the  fullilment  of  which  would  necessanly  give 
his  theory  the  stamp  of  truth.  From  his  calculations  he  saw  that 
the  phinet  would  appear  circular,  about  July  or  August  in  1071. 
This  anticipation  was  practically  verified,  for  the  ring  was  seen  lo 
vanish  in  May  of  that  year.  Ko  doubt,  with  our  mwlem  calcul»- 
tioQs  founded  on  long-continuod  and  aocorate  obsenratJon,  we  arvj 
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wnr  cniibled  to  m»Vf  fm-ocnetH  a*  f>  thr  appearand  <tr  tlio  dis- 
apparauce  (if  Saturo'ii  ring  willi  f»r  grmtcr  acnunKry ;  I>iit,  re- 
Rivmbenn^  Die  early  stjige  in  tht^  litstorjr  of  the  ptaD«l  at  wluch 
tli(>  prodictinQ  of  Huygheoa  vma  mode,  w«  must  regard  its  fulfil- 
ment as  (juite  sullicii-nt,  and  n^^  conlirnting  in  a  Haliataetory  manner 
the  theory  of  Saturn  and  hin  ring-. 

The  ring  of  Sitturu  having  thu«  1>ecn  thoroughly  eetahliiihed 
as  an  astronomical  certainty,  each  generation  of  astronomeTB  has 
Inboiiri-d,  and  miwesafnlly  Inhmired,  to  find  out  more  and  more  of 
its  miirvollouB  fcAluieti.  In  the  fi»ntiepiece  we  have  a  view  of  iSt- 
planet  as  men  at  the  Harvard  College  Obeervatory,  U.S.A., 
bctwien  July  liKth  and  October  £Oth,  1S72.  It  has  been  drawn 
by  llie  fkilful  jistronomer  and  arlii^t^ — Mr.  Ii.  Trouvclot — and  gives 
a  faithful  and  Imiutit'ul  representation  of  this  unique  object.  To 
ri-!iitso  from  the  plate  the  stnpcndoiu  sixc  of  the  whole  BysUiin,  it 
mny  be  rrniirmbered  that  the  volume  of  Saturn  in  700  timee  that 
of  the  earth. 

The  next  great  discovery  in  the  Suturnian  system  after  those  of 
Htiyghena,  showed  that  the  ring  siirrouoding  the  pbmet  waa  marked 
by  a  <lark  concentric  line,  whiL-li  divided  the  ring  into  two  part<t — 
the  oiitor  In-ing  narrower  than  the  inner.  This  lino  wan  first  seen 
by  J.  P.  CuEsini,  when  Satnru  emerged  from  the  rays  of  tJie  sun  ill 
107&.  That  tliis  black  line  i«  not  merely  a  black  mark  on  the  ring, 
but  Uuit  it  is  aotnally  a  sc[-:iration,  wax  retidunrd  very  probable  by 
tlio  rv«earcbes  of  Alaraldi  in  1715,  followed  many  years  later  by 
those  of  Sir  Wiltiam  Ileriwhel,  who,  with  that,  thorouglmem  which 
wa>  A  inarkcd  characlcriittio  of  the  man,  made  a  moHt  minute  aix! 
•orupulouK  examination  of  Saturn.  Nij'ht  aft«r  night  he  followcol 
it  for  hourx  with  hii*  unrivniled  instruments,  and  eonaiderably 
added  lo  our  kucm-ledge  of  tlie  planet  and  his  system.  He  devotetl 
very  partieular  attention  to  the  examination  of  the  line  dividing 
the  ring.  He  saw  that  the  colour  of  this  line  was  not  to  be  dis- 
tinguished from  the  colour  of  the  space  intcrtnediate  between  the 
globe  and  the  ring,  lie  observed  it  for  t«n  yean  on  the  northern 
face  of  the  ring,  and  during  that  time  it  continued  to  prevent  the 
same  breadtli  and  colour  and  shariinesa  of  oatUnc.     He  was  then 
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fortunste  enough  to  observe  the  southern  side  of  the  ring.  Thtro 
agam  could  the  black  Uue  ho  seen,  oorreBponding  botli  in  itpiwar- 
unoc  Hnd  m  position  with  the  dark  )iue  as  seeu  un  the  norUieni 
side.  Hardly  a  doubt  could  remain  oe  to  the  fact  that  Satuni  wiui 
l^irdlMl  )>)'  two  ooDccDtric  nng^  equally  tbin,  aud  tho  ouUt  vd^  oE 
woe  clo«ly  approaching  to  the  ionw  edge  of  the  other.  At  the 
wuae  time  it  is  right  to  add,  tJiut  th«  unly  absolutely  iDdi«q>utaS1tf 
proof  of  till-  division  betwocn  the  rings  has  not  yvt  bocD  yieldiit 
by  the  telescope.  The  apiK-araQcos  noted  by  Ilerscbel  would  ix 
coiisistvnt  with  Ihc  view  that  the  black  line  was  merely  a  }<arl  nf 
the  ring  extending  through  its  thickness,  and  composed  of  inateriaU 
very  much  less  capable  of  roileeting  light  than  tlie  rest  of  th«  titig. 
It  i»  Htitl  n  matt«r  of  doubt  how  far  it  is  ever  jxwsihic  actually  to 
aec  through  tbv  dark  lino,  'lliere  is  uppurently  only  ono  aatirfac- 
tory  method  of  accompllNliing  thiK.  It  would  only  occur  under  nrej 
cirDumHtancea,  and  it  <loei>  not  neem  tliat  the  opportunity  haa 
yet  ariacn.  Supi)08e  tliat  in  the  course  of  ita  motion  through  tbo 
heavens  the  path  of  Saturn  happened  to  cross  directly  between  the 
«arth  and  a  fixed  star.  The  telcAcopic  ajipi-arance  of  a  star  is  merely 
a  point  of  light  much  smaller  than  the  globe  and  rings  of  Satum. 
If  the  ring  passed  in  front  of  the  star  and  the  black  line  ou  thp 
ring  came  over  the  star,  we  would,  if  the  blatk  line  were  really  an 
opening,  see  the  star  shining  through  the  narrow  aperture.  Up  to 
tie  present,  we  believe,  there  has  been  no  op|>ortunity  of  subinittinf^ 
the  question  of  the  duplicity  of  tbe  ring  to  this  crucial  tvai.  Let 
us  boj>e  that  as  Saturn  is  now  in  a  position  well  suited  for  exumiua* 
tton,  and  as  there  are  now  so  many  telescopes  in  use  adecjuate  t» 
deal  with  the  subject,  there  miiy,  ere  long,  be  observations  made 
wliieJ)  will  decide  the  tjui^tiou.  It  can  Iianlly  be  expected  that  a 
very  small  star  would  be  suitable.  No  doubt  llic  smallness  of  the 
stuT  would  render  the  observations  more  delicate  and  precise  if  the 
star  were  visible ;  but  wu  must  remcmbcrthiitthestarwitl  be  thrown 
into  cxintrsst  with  the  bright  ring«  of  Saturn  on  each  margin,  w 
that  unletw  the  star  wen*  of  considerable  magnitude  it  would  hardly 
answer.  It  lias,  however,  bevii  ivo>^ntly  obwrved  that  the  globe  of 
the  plaaet  can  be,  in  some  degree,  diM:crui.>d  through  tlie  dark  line; 
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Uiie  is  praclicully  a  domonitratiun  of  tbo  fact  tlint  (he  line  ie  at  oil 
cvputH  partly  transparent. 

The  outer  rin)r  is  also  divided  into  two  by  a  line  tnut-h  fainter 
tlinn  that  just  describeit.  It  reqaires  a  good  telescope  and  a  ^ood 
ni!.^lit,  combined  vrltb  n  ^od  position  of  the  planet,  to  render 
this  lino  a  well  marki^  object.  It  is  muet  easily  seen  at  tlie 
extreinitirs  of  tlie  Hot;  most  remote  frwm  the  planet.  To  tliK 
pr(w.-nt  writer,  who  has  examined  the  planet  with  the  twelve 
inch  refnictor  of  the  South  e<jiuit<>ml  at  l>un»iiik  Oiwcrvatory, 
thin  outer  line  appeara  as  br<>;i(I  as  the  well-kHi>wii  line;  but  it 
is  un<]iii'MtioiiabIy  fainter  and  han  a  more  sliodeil  ap[H-uranee.  It 
certainly  dotw  not  »ug]^iit  the  apjieaniiice  of  bein^  actually  an 
opening  iu  tJie  r'mg.  ll  rather  wt-inH  lut  if  the  riii^  were  at  this 
place  Ibiiintir,  and  j>oiKi>iMd  \v»  substance  without  bein^  actually 
divided. 

On  these  points  it  may  be  expeeted  that  much  additional  infor- 
mation will  be  ac<}uinH]  when  next  the  ring  places  itself  in  such  a 
position  that  it*  plane,  if  prixlneed,  would  ]iasa  between  the  e«rth  and 
the  ran.  Such  ocounions  aie  but  ran*,  and  even  when  they  do  occur, 
it  may  hap|M>n  that  the  planet  will  not  !»■  well  jilaced  for  observa- 
tion.  The  next  really  goml  opjMirtunity  will  not  ocirur  till  |U07. 
In  this  ease  the  sunlight  illuminatea  one  side  of  the  rin^,  whilv 
it  is  the  other  side  of  the  ring  ttiat  is  presented  towards  the  esrlh. 
Powerful  telesnopes  are  necessary  to  deal  with  the  planet  undersneh 
circumstances ;  but  it  may  be  reasonably  hojied  that  the  questions 
relating  to  the  division  of  the  ring,  aa  well  as  to  many  other 
mattem,  will  then  receive  some  further  olacidatiun. 

(^ciasiunally,  other  divisions  of  the  ring,  both  inniT  and  outer, 
have  been  recorded.  It  may,  at  all  cventii,  be  stated  tliat  no  suvh 
divisions  can  be  rvsnrled  im  |iennanent  fi-ature-s.  Yet  tlieir  exist- 
ence lia*  iK-en  so  frwiuently  courK'tated  by  skilful  observers  that  it 
is  itnjnis'ible  to  doubt  that  they  have  beenK(inieiinie«  iMien. 

It  was  about  ^UO  year*  after  Huyghens  hod  lintt  offered  tbir 
tnie  thtviry  o(  Saturn,  tliat  another  very  interesting  and  important 
discovery  wan  etri'<;t>.-«l.  It  hiul,  up  to  lh<-  year  H5U,  been  always 
supposed  thai  the  two  rings,  divided  by  the  well-known  black  linu, 
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comprised  tlic  entire  ring  system  surrounding  the  planet.  In  tin* 
year  just  mentioned,  Professor  Bond,  the  distinguished  astronomer 
of  Cambridge,  Mass.,  startled  the  whole  aBtronomicat  world  by 
the  announcement  of  his  discovery  of  a  third  ring  surrounding 
Saturn.  As  so  often  happens  in  snoh  cases,  the  same  object  was 
discovered  independently  by  the  Knglish  astronomer  Dawes.  This 
third  ring  lay  just  inside  the  inner  of  the  two  well-known  rings, 
and  extended  to  within  about  half  the  distance  towards  the  body  of 
the  planet.  This  new  ring  is  therefore  of  considerable  size,  and 
occupies  a  conspicuous  position  :  how  then  came  it  to  pass  that  it 
eluded  not  only  the  telescopes  of  Galileo  and  Huyghens,  but  muny 
more  perfect  instruments  subsequently  constructed  ?  How,  in 
fact,  did  this  third  ring  succeed  in  escaping  the  penetration  of  the 
great  Sir  William  Herschel,  who  devoted  so  much  attention  ti> 
observing  Saturn  and  his  system  ?  The  third  ring  seems  to  Im- 
of  a  totally  different  character  to  the  two  others,  in  so  far  as 
they  present  a  comparatively  substantial  appearance.  We  shall, 
indeed,  presently  show  that  they  are  in  all  probability  not  solid 
— not  even  liquid  bodies — but  still  when  compare<l  with  the  thinl 
ring  the  older  ones  arc  of  quite  a  suhstantial  character.  They 
can  receive  anil  exhibit  the  deeply  marked  shadow  of  Saturn,  aiul 
they  can  throw  a  deep  and  black  shadow  upon  Salurn  themselves  ; 
-  but  the  third  ring  seems  of  a  much  more  spiritual  texture.  It  has 
not  the  brilliancy  ol'  the  others,  it  is  rather  of  a  dusky  semi- 
transparent  appearance,  and  the  expression  "  rra|i<'  ring,"  by  which 
it  is  often  designated,  is  by  no  means  ina|ipropriate.  It  is  the 
faintness  of  this  crape  ring  which  led  to  its  being  so  frequently 
overlooked  by  the  earlier  observers  of  Saturn. 

It  has  often  been  noticed  that  when  an  astronomical  diseoverv 
has  been  made  with  a  good  telescope,  it  afterwards  becomes  po:- 
sible  for  the  same  object  to  be  observed  with  instruments  of 
much  inferior  power.  No  doubt,  when  the  observer  knows  what 
to  look  for,  he  will  often  be  able  to  see  what  would  not  other- 
wise have  attracted  his  attention.  It  may  be  rc^rarded  as  an 
illustration  o£  this  principle,  that  the  crajie  ring  of  Satuni  has 
become  on  object  familiar  to  those  who  are  accustomed  to  work 
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H'il!i  g(K>ii  uOi'xcnftcpt ;  hilt  it  may,  nevortli«1eBe,  l)e  duuhted  wlu'th«r 
lliu  rase  Hint  (Itatindiiewi  with  wliioh  ttic  crape  rinj;  is  iinw  seen  (-«» 
Ih*  entirely  accottDti»l  for  by  this  siip])oeitinn.  Indeed,  it  svems 
Imnlly  [KisKible  to  fwist  tlic  Kopposition  thst  the  erajie  ring  has, 
fmrn  »oni«  cauiw  »r  other,  (rr.idiiiilly  bwome  more  ami  more  visible. 
'I'he  supiKised  iw-ent  iipjieii ranee  oE  the  crajw  ring  is  onu  of  those 
iirgiiinents  now  inado  uwj  of,  to  prove  th»t  in  all  probability  the 
riii;{H  of  Suttira  ure  lit  tbt»  moment  under|^in|*  ^nulual  tritiiK- 
Wiimlion  ;  hut  »bMervatious  nf  lladley  would  seem  to  show  tliat  the 
erape  rinff  wiu  jHThup  fieen  by  hitn  in  172U,  or  even  praviou«ly  by 
•T.  J.  CttKBini. 

Tli«  vaiiouN  featiin-d  of  tlie  rinjjs  are  well  shown  in  the 
lH.>3iutiful  drawing  of  Tnxivelot.  We  here  xee  ihi;  inner  iinil  the 
outer  ring,  and  the  line  «f  diviwion  .bctw^eun  them.  Wc  see  in  the 
(inter  rin^  the  faint  triiei-e  of  tlie  line  by  which  it  if  divided,  and 
inside  the  inniT  rin^F  we  have  a  view  of  the  cuHoua  and  semi- 
irunsjutrent  erajH.'  Hh);.  The  black  ahadovr  of  tlie  plam-t  is  east 
upon  the  rint;,  thus  proving  that  the  ring,  no  leas  than  the  body  of 
the  jitnnet,  vhinfii  only  in  virluir  of  the  itiinl);rht  which  falls  upon  it. 
'I1iis  shadow  ptx^sciit^  nome  unomulouN  feuturcK,  and  iis  curious 
irregularity  may  Ixt,  to  some  extent,  an  optintl  illusion.  The 
drawing  contains  no  trace  of  tho»e  other  and  finer  lines  which 
lire  more  or  less  j>roblcniatical,  but  it  is  a  faithful  representation  of 
the  planet,  under  ;-ood  seeing  conditions,  and  viewed  in  a  telescope 
i<r  considerable  jxiwer. 

1'hen>  can  Iw  no  doubt  that  any  attempt  to  depict  tbo  rin^  of 
Saturn  can  only  represent  the  salient  features  of  that  marvellous 
nystem.  'We  arc  situated  at  saeh  a  ^rvat  distance  that  nil  o1>jects 
lint  of  colossal  dimensions  are  invisible.  We  have,  indeed,  only 
an  outline,  whieli  makes  iis  wish  to  be  able  to  fill  in  the  details. 
We  Ion;;,  for  inetance,  to  see  the  actual  texture  of  the  nngK,  and 
(•I  learn  of  wli.it  materials  fbcy  are  made  ;  we  wish  to  c<impn4K-iid 
ihe  etninge  and  lilniy  eragie  ring,  so  unlike  any  other  object  known 
to  ns  in  thehcNVCns.  There  is  no  doubt  that  much  may  even  yet  ba 
learned  nndrr  nil  t]iediMidviin1age<iUH  cin-umstancnot  our  poaitioii; 
there  is  still  ruoin  for  tJie  lalxiur  of  whole  i^eiu-fntions  of  Hstrottoinoni 
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providiil  witb  splendid  instnimenU.  We  want  occiirnte  drawing 
of  Saturn  under  «very  conceivable  aspect  in  which  it  nay  be 
presented.  We  want  incessantly  repeated  measurements,  ot  the 
most  rnstidioiLs  accuracy.  These  measiirrs  are  to  U-U  us  the  sizes 
and  tlie  shapcm  of  the  rin^;  they  am  to  measurv  with  ^delity  thu 
position  of  the  dnrk  lines  and  the  lioiindaricB  of  thv  nngt.  Tb««c 
mcBsnres  are  to  be  protracted  for  gencnittons  and  for  Venturis; 
Ihcn  and  then  only  can  terrestrial  ustronomers  leam  whether  this 
elaborate  system  has  really  the  attributes  of  pcnnanenco;  or 
whether  it  may  be  undcrf^oing  changes  of  marvellous  rapidity,  when 
the  gigantic  nuturc  of  the  objects  involved  is  considered. 

We  have  been  accustomed  to  find  that  the  law  of  universal 
(jravitation  pervades  fvery  part  oF  our  Kyet«-m,  and  to  look  to 
Hrravitiition  as  iho  nource  of  the  explanation  of  miitiy  jibenomena 
otherwise  inexjilicable.  We  have  goixl  rcjisons  for  I^noMing  that 
in  this  marvellous  Siitumian  nj«U'in,  the  iaw  of  gravitation  u 
pararaount.  There  are  ratellitfs  revolving  around  Saturn  ai* 
well  as  a  ring ;  tbeee  satellitea  move,  ax  other  eatellitcs  do,  in 
conformity  with  the  laws  of  Kepler;  and  from  tlicm  we  leant  that 
Satuni  ia  reully  an  attracting  body,  and,  therefore,  any  theory  as  to 
the  nature  of  Saturn's  ring  must  be  formed  subject  to  the  con- 
dition that  it  sbull  be  attracted  by  the  gig^untio  planet  situati-d  in 
ilB  interior. 

To  a  haaly  ^lauce  nothing  might  seem  easier  than  (o  tveoncile 
the  phenumeoa  of  the  ring  with  the  attraction  of  the  planet. 
We  might  suppose  that  the  ring  stands  at  rest  symmetrically 
around  the  planet.  At  its  centre  the  planet  pullit  in  the  ring 
equally  on  all  sides,  so  that  there  is  no  tendency  in  it  to  move  in 
one  way  rsther  than  another;  and,  therefore,  it  will  stay  at  rest. 
This  will  not  do.  A  ring  composed  of  materiuU  almost  iuliriilely 
rigid  might  I'ossibly,  under  such  circumstances,  be  for  a  mument 
at  roat;  bnt  it  could  not  remain  permanently  at  rest  any  moiv 
lluin  can  a  nvedle  balanced  vertically  on  its  point.  In  each  c»»«r 
the  equilibrium  is  unstable.  If  tbc  slit^htest  cause  of  dtstur)iaiK!t) 
arise,  the  equilibrium  is  dc»tmycd,  and  the  ring  would  inevitably 
fall    in   upon   the  planet.      Such  eanses  of  derangement  are   in- 


SArrit.y. 


»7 


iressaDlly  presi>nt,  to  that  unstable  equilibrinm  cannot  be  an  appro- 
priate expluiation  of  the  pbenomenon. 

Even  if  this  difficnlly  eould  be  removed,  there  is  etiil  another, 
which  n-ould  be  quit«  insupenlile  if  the  nng  be  composed  of  anj' 
materials  with  which  we  are  ac(i<iainted.  Let  us  ponder  for  a 
moment  on  the  matter,  as  it  will  lead  up  naturally  to  that  ex- 
(ilanation  of  (he  rings  of  Saturn  which  is  now  most  ^ncrally 
accepted. 

Imaf^ne  that  you  st^iod  on  the  planet  Satnm,  near  his  equator ; 
over  jntir  head  stretches  the  ring  which  sinks  down  to  the  horizon 
ill  the  etwt  and  in  the  west.  Thv  lutlf-ring  above  your  borixon 
n-ouh)  then  rewmblr  a  mifjlity  nnh,  whoso  span  was  about  a 
huiidri'd  thnUKtml  miUii.  Kvi-ry  purlielc  of  this  arch  is  draivu 
towards  Saturn  by  f^nivitation,  am]  if  the  nTv:h  continue  to  exist, 
it  must  do  M  in  pumuaiice  of  tJie  orditmry  mechanical  laws 
which  regulate  thi-  niilway  arche*  willi  which  we  are  familiar. 
The  KtitHitNtiMm^  of  lhc«e  areh<«  licpendu  u|Hin  the  rcsislanoe  of 
the  stones  forming  them  to  a  crushing  force.  Each  stone  of  an 
iirtrh  is  subji-clcd  to  a  vast  pressure,  but  stone  is  a  material  capable 
of  resisting  such  pressure-,  an<l  the  arch  remains.  The  wider  the 
span  of  the  arch,  the  {^calrr  is  the  pressure  to  which  each  stone  is 
exposed.  At  length  a  span  is  reached  which  corresponds  to  a 
preasure  as  greut  as  the  stonea  van  snfely  bear,  and  accordingly 
we  thus  liiid  the  limiting  Hjian  over  which  a  single  arch  of 
ina«onry  can  he  eonstruclet).  Apply  theao  prittctples  to  the 
stupendous  arch  formed  by  the  ring  of  Saluni.  It  can  be  shown 
that  the  pressure  on  the  materials  of  the  arch  oapahle  of  spanning 
an  abyss  of  such  awful  magnitude  would  be  something  so  eoornioua 
that  no  materials  we  know  of  would  be  apable  of  b«uiiig  iL  Were 
the  ring  formed  of  the  tout-hest  steel  that  was  ever  made,  the 
pressure  would  be  so  great  that  the  metal  would  be  squeezed  like  a 
liquid,  and  the  mighty  structure  would  col  la  [«e  and  fall  down  nu 
the  surface  of  the  planvt.  It  is  not  credible  that  any  materials 
could  exist  capable  of  sustjiining  a  stress  so  stupendous.  The  law 
of  gruvitnlion  acc<ordingly  bi<ls  us  to  seurrh  fur  a  method  by  which 
tlu)  intensity  of  tiiis  stress  am  bv  mittgiit«il. 
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Otio  mi-lli<xl  w  ut  luin<l,  an<l  is  obviously  suifgeslcd  \>y  Bnalo^nts 
I  ill  CI)  QUI  I'll  11  trvor^'where  in  our  sysU'in.  Wi>  liuve  »])okcn  of  the 
ring  tLt  if  it  wore  at  rost;  let  tm  now  Biippoeu  it  to  be  uniiiu>t«(l 
by  »  motion  of  rotation  in  iU  plant-  nrouitd  Sutiirn  m  a  viMilro. 
I»Mluntly  wc  huvo  a  forw  <li-vi'li>] wl  liirtclly  anlii^'uixtic  to  thp 
gnvitstion  of  Sutiirn.  This  forci;  is  tbo  so-ciillf*]  pi-ntrifu^l  force. 
If,  thi-ii,  wo  iinflf^iiK-  tlic  niifr  to  rolutr,  lUi- eciitrifiigal  fore*  ut 
all  |)oinl«  acts  in  an  oppueilc  (lin.-ul4on  to  tin-  aUnic-tivu  ionx,  uiul 
hence  tliu  i-norriiouH  sln-KS  on  tliv  ring  can  bu  ubali'd,  and  onL> 
difficulty  cun  beovorcomc. 

Tlic  theory  of  gravitation  ulunc  would  tliiw  tell  uh  that  the  riiifj 
inunt  rotate,  but  wc  an;  fortuiiiiloly  not  left  invn-ly  U>  mii-li  spocu- 
lativc  inforencM.  That  tin;  ring  due*  rotate,  Williiim  flvnchc) 
proved  in  1789.  In  July  of  Uiut  yi'or  it  ha]>]>i-n(-d  that  tlie  i-dgc  at 
the  ring  wu  directly  ttiriicd  towards  tht-  rorth.  -In  a  email  trli.>- 
wopc  the  thin  edge  uf  the  ring  cciuecs,  under  Kuch  circumstances, 
to  be  visiblii ;  but  in  Hunchol'it  grrut  n-Hecting  tolwcopc,  twenty 
feet  long,  tlie  edge  kUII  rumaini'd  as  u  broken  line  of  light.  H« 
wa«  ablv  to  ditilingiii»h  cvrtaiii  tijiote  i>(  light  on  ttii«  lim>,  and  lii< 
perceived  lliat  they  gmdually  niuvud ;  lit-  mw  tliat  they  tntVL-lkil 
from  one  end  of  the  fine  litiv  to  tlic  oUut;  lie  ascerlainod  that 
this  was  really  dtii;  t^i  the  rctution  of  the  ring;  and  lit-  determine«l 
the  jicriod  of  rotation  from  thi-w  ubsi-rviitioiuf  to  be  about  10  hours, 
m  niinut^;^,  and  la  eieeiindi>. 

Such  in  the  period  of  rotation  of  the  outer  ring,  and  we  cud  uLo 
attribute  to  the  inn^  ring  a  rotation  which  will  partly  relieve  it 
from  the  stress  ihi-  arch  would  otherwiio  have  to  sustain.  I)ut  wt- 
cannot  admit  that  the  dlHiciilty  has  Iie^n  fully  rumoved.  Suppune 
that  the  outer  ring  ruvolve  lit  such  a  nto  as  shall  bi>  appropriate  to 
ncutmlise  the  gravitation  on  it«  outer  tnlge,  the  ceiitrifiigal  fniw 
will  be  ln»  at  tlie  interior  of  the  ring,  whilu  the  gravilaliuu  wit)  hf 
greiit«r ;  and  hence  vu«t  HtreKM-w  will  be  set  up  in  the  interior  )iiirta 
of  the  outnr  ring.  Or  kupjhiih;  Uie  riug  to  rotate  at  such  a  rate  as 
would  be  adequate  to  neutralise  the  gravitation  at  its  inner  margin  ; 
then  the  c\^ntrifiigal  furce  at  tlin  outer  parts  will  Urgely  exceed  the 
gravitation,  and  there  will  be  a  tt-tidency  to  dlsniption  of  tlkc  ring 
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outwAnls.  To  obvial«  tliis  tendencv  we  may  suppose  tho  oiit«r  partu 
of  each  ring  to  r»t*tc  more  slowly  than  ttiu  inner  part«.  This 
naturally  requires  that  the  parU  of  tlio  rin^  etiall  be  mobile 
rrlativcly  to  ono  nnottier,  and  tltus  wu  arc  (.viidurlcd  to  the  »-ag- 
^tdion  tliat  ]ii>rhaps  thi*  ringn  an-  really  comiKiKcd  of  uiatlcr  iti  a 
fluid  ulultf.  Till-  »uygeiiti«ii  i»  a  plauMiblv  otii-,  and  Buix-rliL-ially 
il  will,  IK)  doubt,  wconiit  for  tlic  phenotneiia ;  nch  |art  of  each 
ring  can  ihvn  niovc  with  an  up]impriaU*  velocity,  aud  the  rit>t;s 
would  ihim  oxhiliit  a  nninlHr  uf  emictntnL-  cin-ular  currents  with 
dilfon>nt  velocittuH.  Tht;  iiiuUiLMimLiciuu  ran  piiBU  this  inquiry  a 
little  furllier,  and  he  can  study  how  this  lluid  would  behave  utuli*r 
ttuch  cireiinistancifH.  His  NvtnhoU  can  pimuc  the  subject  into  tin* 
intrioa«tes  which  cannot  lie  dcii<-ril>ed  in  general  langunKc.  The 
mathematician  finds  that  waves  would  originate  in  the  su]>pueed 
fluid,  and  that  as  these  waves  would  lead  to  disruption  of  tlie 
ring«,  the  I]ui<l  theory  nuibt  be  abandoned. 

But  we  can  still  make  one  or  two  more  suppositions.  What  if  il 
be  really  true  that  the  ring  consist  of  an  iiici-eilibly  large  number  oE 
concentric  rings,  each  animated  pivciiiely  with  the  velocity  which 
would  W  suitable  to  the  production  of  a  ccMirifuijal  forv  ju»l 
adequate  to  neutralise  the  attraction  Y  Ni>  doubt  this  niecti"  man)' 
of  the  difficulties :  it  is  also  suggested  by  those  observations  which 
have  shown  the  prescnoe  of  several  ihirk  lines  uu  the  ring.  Here 
a^in  (lyoamical  considerations  must  Iw  invokml  lor  the  reply.  Such 
a  system  of  solid  ringH  revolving  in  the  way  that  would  lie  required 
is  not  compatible  with  the  Ibwb  of  dynamics.  We  are,  therofun*. 
cumpvtlod  t4>  mnlic  one  last  nltnnpt,  and  still  further  to  subdivide 
the  ring.  It  may  seem  rather  startling  to  abandon  entiroly  the  snp- 
poMitioii  that  the  ring  is  in  any  sense  a  continuous  Imdy,  bat  there 
remaiiiK  no  alternative.  Look  a1>  it  how  yra  will,  we  seem  to  be 
eondiictcd  to  the  ooneluxiim  that  the  ring  is  really  au  enomious 
f hotti  of  extremely  minute  budies ;  eueli  uf  these  tittle  botltes  |>ur- 
ituea  an  orbit  of  it*  own  around  the  |)bnct,  and  is,  in  fuel, 
UK-rely  a  vatellite.  Thew-  Ixxlies  nrs  so  numerous  and  so  vIom- 
together  that  ihey  M-em  to  im  t»  W  ci>nl!niious,  and  they  may 
Ifo  very  niinutc — perluiiis  not  larger  tliau  tite  globulus  of  water 
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fimiid  ii)  an  «nliii»ry  dotid  nv«r  the  siirfw«  of  Ihv  cnrMi,  witteli, 
i'v«ii  ut  a  Kiiort  (luifjimx-,  tfronm  like  a  continuoux  body. 

An  Siiliirii'it  riiijf  is  iteclf  unique,  wc  cannot  find  clwwherw 
any  very  i>ertiiioiil  illu^tmtion  of  a  etrnotnre  so  ivmarlciiblc  as  that 
now  claimed  for  the  rint;.  Yet  tht-  solnr  Kystvni  doei  iihow  aome 
»nalo^ii»  [ihciinmonii.  Tliimf  if,  for  iniitimHf,  one  on  o  very  j^iid 
waJe  auiroiihding  th«  ma  liiinxclf.  We  allude  to  the  multitude  of 
minor  planet*,  all  oonrined  within  a  certain  region  of  tbc  Kyiitvm. 
Imsj^ine  tliese  plnnele  to  be  vastly  increased  in  nnmber,  awl  tin- 
orbits  of  the  irregular  oiiea  flattened  down  and  otbcrwiw  adjusb^, 
and  we  sbonJd  have  a  ring  surrounding  tlie  sun,  thus  i>roducTiiiK  an 
anraDgemeut  not  dissimilar  from  that  now  attributed  tn  Saturn. 
On  another  and  indeed  n  truly  majestio  scale,  the  heavens  pmwnt 
III  with  an  impobing  spvctAcle  of  an  enormoua  myriad  of  bodiea 
Forming  a  ring.  We  Rhnll  in  n  future  ehapter  refer  to  Uutl  moot 
extensive  object,  the  Milky  Way,  whioh  is  a  vast  zone  of  irtan* 
girdling  the  entire  iKiivens.  No  one  supposes  that  tlic  individiuil 
points  forming  the  Milky  Way  are  small  objeoto.  It  wwild  Im 
more  reasunable  to  stippcee  that  they  were  splendid  suns,  perluiitf 
in  many  oa«i-s  rivalling,  or  it  may  be  encelling,  our  own  mn 
in  brilliancy.  But  even  admitting  this,  the  objects  forming 
the  Milky  Way  arc  extremely  small  when  compared  with  tb« 
dimeiiitionx  of  Ihe  vast  mjiic  in  whifh  they  are  pWed;  and  to  thin 
extent  at  lenttt  we  may  find  in  them  an  analogue  on  tlie  mci«l 
atupendoua  tw-ale  to  tlie  phen<inienon  of  Saturn's  ring. 

It  i«  tempting  t<>  linger  atill  longer  over  tbio  lieaHtiful  ryatein, 
to  Bpeontate  on  the  iippi-aratiee  whirh  thi^  ring  wiiuld  preMjnt  to  an 
inhahitani  of  Saturn,  (ueonjecture  uhi-ther  it  iu  to  W  regarded  as  n 
permanent  feature  of  our  ayatem  in  the  i«ame  way  as  we  attribute 
permanence  to  our  moon  or  to  the  satellites  of  Jupiter.  Looked 
at  from  every  point  of  view,  the  question  is  full  of  interest,  and 
it  provides  oeeujation  ahimdant  for  the  lalxiurs  of  every  type  o4 
astronomer.  If  he  he  furnished  with  a  good  telescope,  then  haa  iw 
ample  duties  to  fulfil  in  the  ta^tk  of  surveying,  of  sketching,  and 
of  measuring.  If  he  be  one  of  those  useful  astronomers  wh<> 
dcvotv  their  energies  not  to  actual  (elesc(»pie  work,  but  tu  forming 
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ralirulatioiis  lwn>cl  on  the  obwrvatioiw  of  othen',  then  the  beautiful 
i(Vst(*m  uf  Sntiirn  providi*^  ivi|>ii)uit  nniU'rial.  He  haa  ti>  foreUrll 
the  (liffiTfiit  pliiiMii  of  the  riuff,  ta  uniioum-u  to  aRtronomera  when 
each  fctttiirv  can  Ik*  IwiH  aeen,  and  at  what  hour  each  element 
can  he  h^itl  iieWmnntii.  He  han  aliio  to  predict  the  times  of 
tJie  movemenla  of  Sattim'H  Milellit««,  and  the  other  phenomi-nn 
of  a  sysU^m  more  elaborate  than  that  of  Jupiter;  or,  lastly, 
if  the  a^troiiiiiner  im  one  of  that  class — perhnpi<,  from  Humt 
paints  of  view,  the  highest  class  of  alt — who  i-mploy  thu  moat 
profound  rescarchcBof  the  human  intellect  to  unravel  the  dynamical 
problems  of  astronomy,  he,  too,  finds  in  SaUim  problems  which 
t4Mk  to  the  utmost,  even  if  they  do  not  utterly  transci-nd,  the 
Ivfttest  (lights  of  analysis,  He  finds  in  Saturn's  ring  an  object 
■0  utterly  iiiilikv  anything  else,  that  n«w  weapons  of  aiudysis  have 
to  lie  forgi'd  for  the  encounter.  He  findo  in  the  syntrm  so  many 
extniordiiiary  fcatuws,  and  «uch  delicacy  of  adjustment,  that  he  is 
coniitRiiiifd  t»  lulniit  tlial  if  he  did  not  aettinlly  see  Saturn's  ringM 
bftforc  him,  he  would  not  have  thought  that  such  a  system  was 
possible.  The  muthrmaticiau's  labourx  on  lliis  woudn>iiH  tiystem 
are  at  prenent  only  in  I  heir  infancy.  Not  alnnc  are  lli<>  rt-xourehee 
of  so  abalrusL*  a  character  aa  to  demand  the  liii^beMt  matb<^matival 
^niuB,  but  even  yet  the  materials  for  the  inquiry  liave  not  been 
a(<eiimtdal«d.  In  a  discnseion  of  this  cluiracter,  obrn'rvat ion  must 
precede  calculation.  The  scanty  obttervationa  hitherto  ubtained, 
however  they  may  illustrate  the  beauty  of  the  syst«ni,  are  etill 
utterly  inauBieieut  to  form  th«  basis  of  that  great  mathemalica] 
theorj-  of  Saturn  which  must  eventually  Iw  writt^-n. 

But  Saturn  possesses  an  interest  for  a  far  moii;  numerous  clus 
of  persons  tluin  those  who  are  s{H>ciiilly  devoted  to  astronomy.  It 
is  of  intvrvst,  it  must  b«  of  Lnten'st,  to  irvery  rultivntnl  jwrmn 
who  has  the  slightest  love  for  nature.  A  lover  of  tlie  pictnreAque 
cannot  tit-hold  Satuni  in  a  tcluscojie  without  feelingii  of  the  live- 
liest emotion ;  while,  if  bin  reatliug  and  reflection  have  previously 
rentlervd  him  aware  of  the  colosxal  magniluileof  the  object  at  which 
he  is  hioking,  he  will  be  conwtrainwl  to  admit  that  no  more  remark- 
able s|)retaclu  is  presented  in  the  whole  realm  of  lutuial  scenery. 
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Wis  liiivi'  jxindert'd  so  )on^  over  the  faBcinaliuns  of  Satum'it 
riofr,  that  we  win  only  pive  a  very  brief  account  of  tlwt  syrtcoi  of 
gut«llitcs  by  whicli  the  planet  is  atteod^-O,  Wu  havi-  olrmily  iiul 
oci-asion  to  nlliiilf  murv  tJinn  once  to  tlicee  bodii-s;  it  voly  reniiunH 
now  to  «-iiunicr»LL-  a  ft'W  furtlii-r  [mrticuluni. 

It  wa«  on  thu  25th  of  Mart-h,  m.'jlt,  tlmt  the  first  F»t«-llitr  of 
Saturn  was  dctvdcd  liy  Huy^'Iimv,  lo  whose  pcnetrjtion  we  owe 
llio  (Ituvovcry  nf  the  trut^  form  <jf  lUi*  ring.  On  tho  evening  oC 
the  day  leferrcd  to,  Hny^heiut  wiw  Liiiminiop  Saturn  with  a  I<.*lr- 
Hcope  conntnictod  with  hix  own  Iiiindc,  wUvn  h<.>  ubeervod  a  emnll 
utarliku  ohjvct  nrar  the  ]>laiict.  Thu  next  ni);ht  ho  repeated  bis 
olwervationM,  and  it  wtw  found  (hat  the  utar  vrjw  nccoinjKiiiyinif  tho 
planet  in  itii  prg^i-*'*  throuirh  Ihi.-  hi.-iivi'n:i.  Thit:  ehuwi-d  that  the 
little  objiet  n-ax  n-iilly  a  Halx^llile  to  •Jaliirn,  ivvolvinj;  an'und  hini 
in  a  jH-riml  of  10  dayn,  ti  hourN,  41  minntvo.  Such  was  the 
cumnieneoinent  of  that  numerous  fcriiM  of  di*ouveri«it  of  ntvlUtev 
whieb  accompany  v^aturn.  One  by  one  they  were  detected,  so 
that  at  the  |irei«nt  time  nn  fewer  than  eight  are  known  to  attend 
the  g7«at  [ilaniit  ihrou^^h  bin  wandcrinjfii.  The  Knliffiurnt  dts- 
eiiveries  wi-n-,  however,  in  no  nute  niiule  hy  Hnyghcn*,  for  bit 
aljandoni<d  the  nearvh  for  any  further  mtvltiluH  on  (^nndti  which 
9u>und  stmiige  to  modem  <>ari«.  U  a]>i(inT«  Utal  from  8om«  prlncipk* 
of  symmetry,  lluvjj;licns  tlioiiijlit  that  it  wnuld  aeciord  willi  the 
titnem  of  thinga  that  the  itiunbiT  of  HalelliU-M,  or  MTOndim'  )>lnnet)>, 
should  be  equal  in  nnmher  to  the  prinuiry  ]>l»nct«  thi'mselvwi. 
The  ])rimary  planets,  includiitfp  the  earth,  numt>ered  sit ;  ant) 
lliiyf^heiis'  disLioveiy  now  brought  the  total  number  of  satellitt-H 
lo  be  also  six.  The  earth  had  one,  Jupiter  had  four,  Saturn  had 
one,  and  the  tiystom  was  complete. 

Xature,  however,  knows  no  sueb  arithmelicAl  doctrines  as  those 
which  I1uy<;heni(  attrihut«d  to  her.  Had  he  been  less  inlluene«d 
by  such  pn'judiii-i',  be  mi^ht,  perhaps,  have  antioijiated  tin* 
litbour*  of  (lamtini,  who,  by  dtyi'uverin^  other  satellitM  of  Satnnii 
den)onstrati>d  the  absurdity  of  the  doctrine  of  numerical  e<|nality 
between  phmetu  and  KatirltitcH.  As  further  discoveries  were  nude. 
lite  numb4-r  of  yutcllites  wiw  at  6ntt  raised  above  tlie  number  ul 
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is ;  but  in  rtfcent  tiuiM,  ivhen  tlu)  vwiirm  of  minor  ]>IudpIk 
to  he  discovered,  the  nntnber  of  plftneta  flpci^dily  riwlied  atitl 
Fpccdity  ]m«sed  tlie  number  of  itiitellile». 

It  wa«  in  the  yoar  1(171,  about  sixteen  jeani  after  the  diaoorery 
of  the  lirxt  Kitollitf  f»f  Siidirn,  tbiit  n  wronil  vms  diMCovrrvd  by 
Ousilli.  In  th«  rdllowiii^  y<-iir  \\f  ilincnveivd  nnnthcr;  and  tvrdvi' 
y«ara  later,  in  16S4,  atill  two  more ;  thus  niaking  a  total  of  five 
tatellites  to  thia  [diin<-t. 

Tlie  complexity  of  tlie  Saturniati  system  had  now  no  rival  in 
the  heavens.  Saturn  had  fi\e  butollitee,  and  Jupit<.T  had  but  four, 
while  at  leoat  one  of  the  aatellit«s  of  Satam,  named  Titan, 
was  larfjer  than  any  natollite  nf  Jupiter.  The  dist-overips  of 
Caesiiii  had  been  umdc  with  telescopes  of  most  portoutoiia  dimen- 
sions. The  length  of  the  instrument,  or  rather  the  distanoo  at 
which  the  object-^InsB  was  place^l,  was  one  huudrotl  feet  or 
more  from  the  eye  of  the  observer.  It  seemed  banlly  possible 
to  pnsh  tc1escu|>ic  n-senreli  farther  with  instruments  of  thia  ciirn- 
brous  type.  At  length,  however,  the  f^rtaX  reformation  in  (lie 
eonatniotion  of  astronomieal  telescopes  be;^  to  dawn.  In  thr 
hands  of  HersL-hel,  it  was  found  jmasihle  to  eoustruct  relleetin«r 
te]of>co[ies  of  miinai;i-»ble  dimeni^inns,  vastly  more  powerful  and 
vaxtly  more  nceumtc  than  tho  long-foeussed  lenses  of  CauinJ.  A 
great  inxlrument  of  thin  kind  forty  feet  long,  just  oomplet^-d  by 
Hersehel,  wiw  dirt-oted  to  Saturn  on  lh«  2'>th  of  August,  1780, 
Never  before  bail  tlic  woudrouii  planet  Ikwu  itnbmitled  to  a  serutinv 
•0  minute,  ilenwhcl  wa«  familiar  with  the  lalmint  of  his  p(«> 
decVHSors.  He  had  often  looked  at  Saturn  and  h!:t  five  moons  in 
inferior  telewopex ;  now  agtiin  ho  oaw  the  fivi-  moonx  and  a  star-like 
object  BO  ncnr  the  plane  of  the  ring  that  he  conjectured  this  to  he 
a  Ktxth  satellite.  A  sjx>edy  method  of  testing  this  oonjeeture  was 
at  hand.  Saturn  was  then  moving  rapidly  over  the  heavens.  If 
this  new  object  were  in  truth  a  satellite,  then  it  must  ho  carried  nn 
by  Saturn.  Uersehel  watched  nntb  anxiety  ta  aeo  wbetlier  this 
would  be  the  case.  A  short  time  sufficed  to  answer  the  (giientioo : 
in  two  hotirii  and  a  half  the  planet  had  moved  to  a  distnnre  (piile 
appreciable,  and  had  curriud  with  him  not  only  the  five  iiat<-llit<-H 
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already  kDown,  but  also  this  sixth  ubject.  Had  this  been  a  star  it 
would  hnve  been  left  bL^hJod;  it  wxs  not  left  behind,  and  hence 
it,  too,  was  n  ratj^llite.  Thue,  after  the  louf;  Upsu  of  a  century, 
the  tel<>ec(i]>ic  discovery  of  Bst«llite«  to  Saturn  recommence*!. 
Herechel,  ns  was  his  wont,  ubserved  ibis  ubjiH-t  with  uiiif- 
mittin^  ardour,  ami  discovered  that  it  was  much  nt-arer  Uy  ^turii 
than  Hny  iif  the  previously-knawn  eatelUtee.  In  aceurdanve  with 
the  [jciK-nil  luw,  that  the  nearer  the  svtellite  the  shorter  tbtj 
pcrio<l  »l  r^'volution,  Hersehel  found  that  this  little  moon  com-i 
)>lelc^  It  ruvolutitin  in  about  I  <Iay,  8  hours,  0-^  minutes.  Til* 
Komc  ^nait  telescope  uhchI  with  th«  Muiie  uuiivulU-d  tkill,  soon  li-d 
Herwhel  1o  a  »lill  more  interentitig  diauuvery.  .\n  objovt  ko  Mmall 
IIS  only  to  a)>i)i-ar  like  a  very  minute  ]>oint  in  the  i^iail  lurly-fuot 
rcHoetor  wus  also  detected  by  llerschel,  and  was  by  liitn  |irovrd  to 
ba  a  vatcllite,  BO  elose  to  the  planet  that  it  completed  a  re^-olutiun 
in  the  very  brief  peiiod  of  ti  hours  and  37  minute*.  Thin  in 
un  extremely  delicate  object,  only  to  he  seen  in  the  Iwst  tt^Iescopeit 
in  the  brief  intervals  when  it  is  not  entirely  screened  fruni  view  by 
the  rinff. 

A);iiin  another  h>ug  interval  elapsed,  and  for  almost  tifty  yean 
the  $;ittimiHn  system  was  regarded  as  consisting  of  the  series  of 
rings  and  of  the  seven  eatelHtes.  The  next  discovery  has  a 
singular  historical  interest.  It  was  made  simultaneously  by  twu 
observers — Professor  Bond,  of  Cambridge,  Mass.j  and  Mr.  Lussel), 
of  Liverpool — for  on  the  19lh  September,  1848,  each  of  these  aatTo> 
noiner  verilied  that  a  umall  point  Mi-n  by  each  on  provioua  nighta 
wuH  really  a  siilellite.  Thiit  object  in,  however,  at  a  enntiideTubls  j 
dintance  from  the  jilanet,  and  mguires  i\  days,  7  lioun,  28  tuinut 
for  each  revolution. 

Such  IK  at  present  the  system  of  Saturn  hm  wc  know  It.  It 
seems  ct-rtjtin  that  if  there  be  any  more  satellit*!!*  iJnin  the  ample 
number  of  eight  alri'.uly  dlscovereil,  tliey  must  be  objei-tn  ntueh 
moro  minute  titan  those  already  detected.  Accomplished  ubHervers, 
proritlod  with  telescopes  more  )xiwerfiil  than  that  of  Bond,  and  iu 
Bomo  coAes  more  powerful  than  tti»t  of  Loedell,  hate  examined 
and  re-examined  this  objoct.     They  have  made  out  many  furtlier 
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details  of  the  Saturnian  system,  but  do  further  satellite  has  been 
added. 

A  law  has  beeu  observed  by  Professor  Kirkwood,  which  con- 
nects toother  the  movemeats  of  four  of  the  satellites  of  Saturn. 
This  law  is  fulfilled  in  such  a  manner  as  leads  to  the  supposition 
that  it  arises  from  the  mutual  attractiun  of  tbe  satellites.  We 
have  already  described  a  similar  law  relative  to  three  of  the 
satellites  of  Jupiter.  The  problem  relating  to  Saturn,  involving  as 
it  does  no  fewer  than  four  satellites,  is  one  of  no  ordinary  com- 
plexity. It  involves  the  theory  of  Perturbations  to  a  greater 
degree  than  that  to  which  mathematicians  are  accustomed  in  their 
investigation  of  the  more  ordinary  features  of  our  system.  To 
express  this  law  it  is  necessary  to  have  recourse  to  the  daily  move- 
ments of  the  satellites ;  these  are  respectively — 

Hatillite.  Daily  Movbmrnt. 

I ssi'-i. 

u. aea--:*. 

Ill IBO'-T. 

IV 131--4. 

The  law  states  that  if  to  five  times  the  movement  of  tlie  first 
satellite  we  add  that  of  the  third  and  four  times  that  of  the  fourth, 
the  whole  will  e<jual  ten  times  the  movement  of  tbe  second  satellite. 
The  calculation  staiids  thus  :— 

StimL-B      I.  equala  ISH'O 

III,       „  IBC-T  II.    ...   262''-7* 

4tiiDMlV.      „        ^i&'-e  10 


a62:"-3       fujuaU        aeiT"-*  nearly. 

Nothing  can  be  simpler  than  the  verification  of  this  law;  but 
the  task  of  showing  the  physical  reason  why  it  should  be  fulfilled 
has  not  yet  been  accomplished. 

Saturn  was  the  must  distant  planet  known  to  the  ancients.  It 
revolves  in  an  orbit  far  outside  the  other  ancient  planets,  and  until 
the  discovery  of  Uranus  a  century  ago,  the  orbit  of  Saturn  might 
well  be  regarded  as  tbe  frontier  of  the  solar  system.  Saturn  was 
indeed  an  object  worthy  to  occupy  a  position  su  distinguished.    But 
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we  DOW  know  that  the  mighty  orbit  of  Siitum  does  not  extend 
to  the  frontiers  of  the  solar  Byetem ;  a  splendid  discovery,  leading 
to  one  still  more  splendid,  has  vastly  extendtnl  the  boundary,  by 
revealing  two  mighty  plitnels,  ruvolvitig  in  dim  telescopie  distance, 
far  outside  the  path  of  Siitiiru.  TIicko  "bjtctfi  have  not  the  beauty 
of  Saturn;  they  are  much  less  biilliantly  attended;  they  are,  indeed, 
in  no  sense  elfectivc  telescopic  ]iictiires.  Yet  these  outer  planets 
awaken  an  interest  of  a  most  special  and  remarkable  kind.  The 
discovery  of  each  is  a  elnssical  event  in  the  history  of  astronomy, 
and  the  opinion  has  been  maintained,  and  perhaps  not  without  good 
reason,  that  the  discovery  of  Neptune,  the  more  remote  of  the  two, 
is  the  greatest  achievement  in  astronomy  made  since  the  time  of 
Newton.  To  the  developmentof  these  discoveries  our  nest  chapters 
must  be  devoted. 
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Contrwt  bfftwcen  TTnura*  and  Iho  nthitr  gtr*t  FlixneU — WQUain  Henehd'-HU 
tItHh  iind  Piinoiago—  UithIivI's  Airiviil  in  Eiiittaii'l— Ilia  Iot«  of  LMrnliig — 
ComiiiMic«tii»iit  ol  htn  Antniiioinlail  i^tudini-^Tlic  CooBlnirtion  of  T»lrtopo> 
Krllccting  Tdcwxi[>[« — CaiutTuctibn  of  Mirrots— Tho  Protomor  el  Unala  b«> 
oomMan  Avtronomor—Tho  Methodical  ItciHUfb—Tbo  lath  March,  ITSl— Tha 
DiMornjr  of  Uiauiu— Dcliincir  ut  OlwoTTntioo— Wo*  IhaObj*(ita  ComutF— 
Tho  agol&mDM  <d  ItiU  DiHMwrr— Tlxf  Funn*  ol  H«nob*l— OMfit*  lit.  and 
Iha  Bath  MiMoiiit-  Tho  King'*  AUroDoam  at  VilndMr— Oudiao  ItoichtJ— 
Tho  Plannt  Uraiinii-~N'uiiic4iat]  DnU  with  ni(«wmec  Ihereto— Th«  Four  Sattd* 
UiM  u(  UtatiiM— 'Dicir  Circular  Orbits — Early  Oliwmtlcnu  o(  I'lwiaa— 
RHnatooI'i  (Xwirrntion)! — hmoooi^tT  mv  irnuiiu — Dlility  of  their  Utamm- 
mento— The  KllipUt  I'lith— The  enot  rroliUni  Ibus  SuggcatuL 

To  the  present  writer  it  has  always  seemed  tliat  the  history  of 
Urmnus,  and  of  the  circurostances  attending  iu  discoTiiy,  form  otwi 
of  the  most  pteasio^  and  interesting  episodes  in  tho  whole  history 
of  science.  We  here  occupy  an  entirely  new  position  in  tlie  Kt'tidy 
of  the  solar  system.  All  the  other  great  ]>lAnets  were  familiarly 
known  to  tho  ancients,  however  erroneous  might  be  tho  ideaa 
eutertuincd  in  connection  with  them.  Tliey  were  conspicuous 
object*,  and  by  their  movements  could  hardly  fail  tu  attract  the 
attention  of  those  whose  pursuits  lc?d  them  to  ob»i-rve  the  stars, 
Bot  now  we  come  to  a  great  phinet,  whose  very  existence  was  utter^jr 
unkoown  to  tlie  ancients ;  and  hence,  in  approoehiag  the  subject, 
we  have  first  to  describe  the  actual  discovery  of  this  object,  and 
then  to  consider  what  we  can  learn  as  to  its  physical  nature. 

We  have,  in  preceding  pa;^,  hal  occasion  to  BieotioD  the 
revcrod  name  of  William  Herschel  in  connection  with  various 
branches  of  astronomy ;  hut  we  have  hitherto  designedly  [Ktstponcd 
any  more  explicit  referenoe  to  this  extrnonlinary  man  until  wc  have 
arrived  at  the  present  stage  of  our  n-ork.     llie  story  of  Urauui, 
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in  \\b  earlier  stages  at  all  even1«,  it  the  story  of  iJie  cnrly  cartur  of 
William  Ilerschel.  It  would  be  nlike  iin]His*iblc  nnd  undwiriMc 
to  attemjit  to  separate  tliem. 

William  lleracliol,  ttio  illuvtrioux  nstroiiomer,  wim  hdrn  at 
Iliinover  in  XTi'i.  Hiit  fnllier  wtu  an  iu>ctini|>liitlie(]  man,  pursuing, 
ill  n  fiomenliut  Iiiiinble  manner,  the  eallinf;  of  »  I'roFeisor  of  Mtuiu. 
He  had  a  funiily  of  ton  oliiidren,  of  wliom  William  wns  the  fourth; 
and  it  may  he  notinl  that  all  the  family  of  whom  any  record  haa 
been  preserved  inherited  their  father's  musical  taleiitA,  and  became 
iti;ponii>Iinhed  iwrfuriners.  Pleading  sketches  have  been  (pvcn  of 
lliix  inti.'re«(iiig  family,  of  the  unusual  aiilitude  of  William,  of  the 
Ion;;  discuMions  on  music  and  on  philosophy,  and  of  the  littta' 
sister  Cart>)ine,  destined  in  later  years  for  an  ilhutrioas  eareer. 
W'illiam  soon  learned  all  that  bis  master  could  teoeh  bim  in  the 
ordinary  branches  o£  kuowlediic,  and  by  the  a<;e  of  fourteen  he 
was  already  a  competent  iwrfi>rmcr  oa  the  oboe  and  the  viol,  lie 
was  engaged  in  the  Court  orchestra  at  Uanovcr,  and  was  also  a 
member  of  the  band  of  the  Hiinoverian  Guards.  Troublous  timesi 
were  fioon  to  break  up  Ilcrschera  family.  Tlie  French  invade 
lUnover,  the  Hanoverian  Guards  were  overthrown  in  the  buttlo  o( 
llastenbeck,  and  youu;;  William  Ilerschel  bad  some  unpU-awint 
experience  of  actual  warfare,  ile  was  not  wounded,  but  after 
jassinv  the  night  in  a  ditch,  he  decided  that  he  would  make  a 
ebauge  in  his  profession.  lIis  method  of  doing  so  is  one  which 
his  biographrTS  caa  scarcely  be  expected  to  defend ;  for,  to  s|>eak 
plainly,  ho  dfiserted,  and  succeeded  in  making  his  escape  to  England. 
It  Ik  stated  on  unquestionable  authority  that  on  Herschel's  first  visit 
to  King  George  III,  more  than  twenty  yi-ars  afterwards,  his  pardon 
was  bandtnl  to  bim  by  thi;  Ein^;  himself,  writtcoi  out  in  due  f<vnn. 

At  the  ago  of  nineteen,  the  young  musician  b^an  to  seek 
his  fortunes  by  his  profession  in  England,  lis  met  at  fintt  with 
very  considerable  hardsliip,  but  industry  and  skill  conquered  all 
difficulties,  and  by  tlic  lime  he  was  twenty-six  yrors  of  age,  lia 
was  thoroughly  settled  in  Kiiglnnd,  and  doing  well  in  his  i>ro- 
fvssion.  In  the  year  1706,  we  find  Ilenschi-l  occupying  a  ]>oaitioa 
of  some  distinction  in  the   muNCnl   world:   be  lud   become   Uw 
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oi^nist  of  the  Octagon  Chapol  at  OatK,  ami  lii^  time  vna  fully 
employed  in  giving  leseonit  to  litti  iiumerotis  pupils,  nntl  with  his 
Iireparation  for  concerts  and  for  oratorioa. 

NolwithBtancIing  his  biuiy  professional  life,  Herechel  >till  re> 
tained  that  inttatiable  thirat  for  knowledge  whieh  he  had  when  n 
boy.  Every  moment  he  could  snatch  from  hia  musical  engage- 
menta  w«  eagerly  devoted  to  study.  In  his  desire  to  perfect  hie 
knoivledge  of  the  more  abstruse  parts  of  the  tJieory  of  music,  he 
had  occasion  to  learn  mathematics ;  trum  mathematics  the  tmnsition 
to  optics  was  a  natural  ono  ;  and  ou».-  he  had  commenced  to  study 
optics,  he  was  of  cou rev  brought  to  a  knowlcilgeof  the  telescoiM*, 
and  Ihence  to  astronomy  itself. 

His  bcgiiining*  wore  made  on  a  vny  phxIchI  "rale.  It  was 
through  a  small  an<l  imperfect  tvlettonpe  that  tliu  great  astronomer 
olitaincd  hia  fintt  view  of  the  celestial  glorir*.  No  doubt  he  had 
■ifteu  before  looked  at  the  heavens  on  a  clear  night,  and  admired 
the  thonfands  of  stars  with  which  it  was  adorned  ;  but  now,  when 
he  was  able  to  incrcnsf  his  giower*  of  virion  even  to  a  slight  extent, 
he  obtained  a  view  which  fascinated  him,  'V\w  stiirs  ho  saw  before, 
he  now  mtw  far  more  distinctly ;  but  more  ihim  thin,  he  found  that 
myriads  of  oilicrs  previously  invisible  were  now  revtiiled  to  him. 
Qlorioue,  inili.>ed,  is  this  spectacle  to  any  one  who  poMeaws  a  spark 
of  enthuHiium  for  natural  beauty.  To  llerachel  Ihia  view  im> 
mediately  changed  the  whole  current  of  hia  life.  His  suet'ess  as  a 
Profeesor  of  JIusie,  his  oratorios  and  hia  pupils,  were  speedily  to  be 
forgotten,  and  the  rest  of  his  life  was  to  lie  devoted  to  tlie  abeorb- 
ing  pursuit  of  one  of  the  noblest  of  the  science*. 

Herechel  could  not  remain  contented  with  the  small  and 
imperfect  instniment  which  lirst  intcresti-<l  him.  Thr<>ughout  his 
career  be  determined  to  vce  everything  for  himself  in  the  best 
manner  which  his  utmost  powen  could  command.  He  at  once 
determined  to  have  a  better  instrument,  and  he  wrote  to  a  cele< 
brated  optician  io  London  with  a  view  of  parchaaiog  one.  But 
the  price  which  the  optician  demanded  seemed  more  tluin  Herachel 
thought  be  could  or  ought  to  give.  Instantly  his  determination 
was  token.  A  good  telescope  he  muat  have,  and  as  Ik  could  Aot 
R  2 
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1>uy  one,  lie  resol\-cd  to  make  one.  It  va»  alike  fartuunte,  Imth 
Eor  Hcrechel  and  for  aeieiice,  that  circumHlances  itniwlled  bim  to 
tbis  dL-termination.  Vet,  at  first  sight,  how  unpromising  was  llie 
enterpriso  I  That  a  music  teacher,  busily  employed  day  and  iiiglit, 
phould,  without  pr«nouB  training,  espect  to  eucceed  in  n  tank  where 
the  hit;h«st  mecbanionl  and  optical  ekil)  was  rvquireO,  ecrmt.<d  indeed  ' 
unlikely.  Hut  enthueinem  and  genius  know  no  ingni>vnil>le  dilH- 
oullies,  Fr«m  eondueting  a  brilliant  concert  in  Italh,  nlien  that 
«ity  wati  at  ihi;  height  of  its  fame,  Ilerschvl  u  otild  rush  lioniv,  and 
without  «ven  delaying  to  take  off  his  lace  nifHc^,  he  would  p1uiig« 
jnto  bis  manual  labours  of  grinding  specula  and  pulishing  lv»w«. 
No  alchemist  of  old  ever  waa  more  dwi)ly  abnorbcil  in  a  prfiji'ct 
for  turning  lead  into  gold  than  Hcr«cbe)  in  his  dctvnniniition  to 
liavo  u  telescope.  He  tmnsformMl  his  home  into  a  tnlxiratory ;  ot 
his  drawiug-room  he  made  a  carpenter's  shop.  Turning  lathes 
were  the  furniture  of  his  hert  Ifodniuni.  A  U-lewope  he  mnst  bav«, 
and  as  he  progressed  lie  determined,  not  nnly  that  be  should  have 
a  good  teleseop<>,  hut  a  %'ci-y  good  one ;  and  ns  succew  clieered  bis 
efforts,  he  ultimately  succevdod  in  constructing  the  gn-atest  telee- 
co[)e  that  the  world  had  npto  that  time  ever  seen.  Though  it  ia  as 
an  astronomer  that  wi-  are  t-oiieemeil  with  Hcrechel,  yet  we  must 
observe  that,  even  as  a  telcMojw  maker,  great  fame  ai>d  no  small 
(Ivgrk'e  of  commercial  Huccess  flowed  in  upon  him.  \Yhcn  tbo 
World  began  to  ring  with  the  gloriouti  discoveries  of  Iler^bcl,  and 
when  it  was  known  that  the  Jlath  muviciau  had  made  thea* 
discoveries  with  tele^icope*  uhich  were  tlie  work  of  his  own  bonds, 
a  <)einand  sprang  up  for  instrumenl-i  of  his  eoustniction.  It  is 
stated  that  he  made  upwartls  of  eighty  large  telescopes,  as  well  as 
many  others  of  smaller  size.  Several  of  these  iuilruuienta  wen 
purehasvd  by  foreign  princes  and  jwtentates.*   We  have  never  iMmrd 

•  ExtruDt  ttvm  *■  I'lin.'v  ('iti><t  <A  Bumiti,"  by  C.  Piaxd  Sin;-th,  V<iL  iU  p.  IM. 
"In  th«  voir  nm.  It  ttui) (littiicnl  llut  Ooor^  111., ot  Otest  Ittitein.  «■■  pliwitJ  to 
Miklua  ptiMiit  to  Ihv  Kmiiruu  Oitlurina  of  Roaia  ■  Un.foM  trflMtiaic  (slaMOp 
otnurtnctol  by  ^r  Willlwn  Htrx-liul.  Uur  UujvM)-  inniuxlUUly  AtdttA  lo  try  tta 
IKXTCif,  and  Itonmonky  wa*  mm  for  from  lh»  .^aiilnnjr  to  nfair  U)  TkankucJMo 
vrlwra  the  niurt  «m  at  Iho  limo  rcaiding.  Hid  lelHCopo  vm  MM>IiUii«l]r  ■■• 
iwrtnd,  aikI  for  lAffjbX  long  (<caiK<cutivE  vTL-ninp  llw  Khijikm  •■>ptc9'r4  hanaU 
anicall}:  in  oWn-lnc  the  moon,  |>Unt.-U,  nad  (Un :  uid  avav  than  tU>,  ia  ini(iiirinc 
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th.it  any  "f  tlicec  illustrious  |)<>rsona;fes  I)ecain«  nssiduoiis  or  ccle- 
bnle<l  nstronomers,  but,  at  alt  events,  tli«)'  seem  to  have  [aid 
IlL'rachvI  handsomely  For  his  ekill,  so  that  hy  the  sale  of  lai^ 
li-l^ecojws  he  wdfl  able  to  realise  what  may  be  regarded  aa  a  fortune 
in  till.-  moderate  horizon  i)f  the  man  of  scienoe. 

The  inBtruments  made  by  Hersohe!  were  entirely  of  tliat  cloas 
which  we  have  alritady  described  in  an  earlier  cliapter  under  the 
title  of  lU-flt-ctinfT  Teli'scopcs.  These  instmments  were  known  long 
before  Iler^hel's  time.  It  wae,  howcviT,  left  for  hira  to  discover 
th«  mcwnx  by  which  they  could  be  ronstructed  of  lar^  sum-, 
while  he  alifo  wrou^^ht  the  epenila  with  uiiprevcdeuti'd  care.  The 
vueoua  of  »  teleMOjw  of  this  kind  mainly  de])ends  upon  the  ae- 
caraoy  with  whidi  the  speculum  n-ceives  tliat  particular  shape 
which  is  nccewnuy  if  every  ray  of  li]>ht  is  to  travel  to  its  prepiM> 
destination.  The  methods  of  Hcrschel  are  not  very  fully  known  ; 
ho  never  publixhet]  them  with  the  rame  de|*ree  of  detail  as  was  snb- 
WKiuently  ^iven  to  the  world  by  LonI  Rosso  and  by  Lassell,  when 
they  doserilMKi  their  experience  in  followirif;  up  the  path  which 
llcrechcl  had  indicated.  It  seems,  however,  that  Herschel  relied, 
to  a  very  lar^t  cxt«-nl,  upon  manual  skill  rather  than,  as  bis  suc- 
oesdor,  did,  on  mechanical  conlrivanee.  It  is  narrated  how,  diirin;; 
the  critical  operation  of  polishinf*  one  of  the  ffn&l  mirrors,  tlervehel 
has  snt  with  hia  hands  i>n  ihe  mirror  for  very  many  hoHrs  consecu- 
tively.  On  such  occumodh  he  wiuKimntantly  t^-mlvd  by  the  ever- 
faithful  Bi8t«r  Caroline,  who  niit  by  liiei  side  to  place  the  necessary 
food  between  his  lips,  and  to  beguile  the  time  by  rentling  the 
"  Arabian  Nifjhls."  What  eould  be  more  apprapnUe  reading  for 
such  an  occasion  than  the  xt^iry  of  Aladdin  ?  T1>e  wonders  which 
Aladdin  saw  when  he  poliiihed  hia  lamp  may  ivell  be  comi<ared  with 
what  Kerscticl  saw  when  he  had  polishe<l  hia  mirror. 

Up  to  Uio  prvMiit    point  of     our  narrative,  we  have    seen 

into  the  rtitU  ■>(  utroDonj^  is  har  <lomiaiiin«L  Tb«n  U  »w  ttut  Houmoviky  « t 
Wfiiru  tli»  Iiii|>»rUt  flow  tho  AatAtrnft  idn  of  rcnwring  Uiolr  cimmUaj,  iJMiUI- 
ioff  (liK  nivodtjr  tor,  sad  the  sdnuiUgn  ot.  rath  a  pvoMding.  Gnduiuljr  did  tha 
'  )>i«iummii  ol  Ui«  Vonh,'  Mm  *  Folu  »tax,'  tnUr  inU  all  Umm>  jiuticalani,  and 
imnulf  aiipTOfe  of  th«  |irojoct:  but  dnttlk  clo««d  hrr  oroir  within  a  lo*  «aclcs 
altut,  ud  pn*aatad  tier  cimntioB  of  Ika  diMd^" 
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IlersclMil  as  a  labonQHS  musician,  witb  consitleraUe  kdowd  in  bil 
prufeesioD,  not  only  in  Bath,  bnt  ibroughout  thv  wret  of  KniT' 
lanJ.  Hie  telescope,  makinff  was  merely  Uie  occii)KitioD  of  Iil»f|mrp 
momriitH,  und  was  quite  unkDonii  to  most  of  tho«-c  who  kntw  and 
rrapccUxl  his  musical  sttainmcnts.  It  was  in  1774  tkut  Hi-ncbi'I 
firat  enjoynl  a  view  of  tbe  lieavens  (brongh  an  instrument  built 
with  bis  own  bands.  It  was  but  a  email  one  in  comparison  with 
tbow.-  wbicb  be  sfti-m'anls  fo^bionecl,  bnt  at  onee  liv  txperivnci-d 
tbc  ulvonlage  of  bein^  his  own  instniment  mnktr.  Nigbt  ftflrr 
night  Iw  was  able  to  make  one  improvement  Aim  anutbvr  ;  at  cue 
timv  hv  wHit  cnini'giTi^  tbc  size-  uf  bis  inirrore;  at  anotbtr  he  wa« 
rei-otiHtnicliu^;;  the  mounting,  oiiil  trj'ing  to  n-niitly  defeeta  in  tli* 
eye*pieon.  Witli  unw«^«r}'in[>  pi-rsevdrancc  hv  turned  at  ibe  bigbest 
exoellcuw,  and  with  each  KUCfCMiivi.-  Aclvanvi'  be  found  that  he  n-aa 
able  to  nt!  mor«  and  niorr.  H'm  enthuinnKni  attmctixl  to  him  a 
few  friends  who  wore,  bke  hinixclf,  ardently  ntlaehed  to  seienoc. 
Tbe  mode  in  which  be  first  made  the  acquaintance  of  Sir  William 
Watson,  who  afterwards  became  his  wanneet  friend,  was  cha- 
racteristic of  Ixilii.  Ilfrschel  was  observing  the  mountains  in  tbe 
moon,  and  as  tbe  buuni  pawed  on,  be  bad  occasion  to  bring  bis 
t«lcscope  into  the  street  in  fnmt  of  hb  house  to  enable  him 
to  continue  his  work.  Sir  William  Watson  hapjieucd  to  pass 
by,  and  was  arrested  by  tbe  somewhat  unus\ial  spectacle  of  ou 
astronomer  in  tbe  public  street,  at  the  dead  of  night,  using  a 
large  and  somewhat  quaint- looking  instrument.  Having  a  love 
for  astronomy,  lie  stopped,  and  when  Ilerschel  took  bis  eye  from 
tlic  tcIcHcopCi  asked  if  he  misht  be  allowed  to  have  a  view  o£  tliv 
moon.  The  rc<jiiMt  was  readily  graiitwl.  Probably  Ilerscbcl  at 
that  time  found  but  few  in  the  gay  city  who  cared  for  sucli 
mattoni;  be  wuk  tiniiLIy  drawn  1o  Sir  W.  Wat»on.  who  at  oncv 
reciprccated  tlio  fic-liug,  and  thus  began  a.  fncnd«bip  which  burv 
imjnrtant  fruit  in  Hi-rKcbi-t'H  subsequent  career. 

At  length  tbe   year  17S1    appniaebed,  which  was    to  witlwM< 
his  great  achievement.     Herschel  bad  now  some  six  or  aeven  years* 
practical  esperieuce  in  astronomy,  and   be  bad  completed  a  («le* 
seojw  of  exquisite  optical   ]ierf«etioD,  though  gnally   inferior   in 
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foint  of  size  to  tho§e  which  be  afterwanls  erectetl.  With  tliift 
te)e§c(i])e  lltTBcfael  coininciicoil  n  methodical  piece  of  obourriitiou. 
He  Eormi?d  the  wrhcme  of  systematically  «xamiDiD^  alt  tbi«  iitaw 
which  were  above  a  certain  det^ree  of  brifjlitncss,  It  docs  not  igiiitR 
appear  what  object  Herechcl  proposed  to  himst^^lf  wlii-n  ho  under- 
took this  labour,  but,  in  any  case,  he  coulJ  hurdly  hiive  iinti<'i)iate<l 
thoexlniordinnrystic-ccf^  with  which  the  work  wiistobecftiwtied.  In 
the  course  of  this  review,  the  teli*coj:«  was  dirwtiU  to  ii  xtiir ;  tliat  star 
was  exaininc<l ;  tlieuanolherwii*  brou^^ht  into  tW  tield  of  view,  and 
it  too  was  examined.  Kvery  star  under  ttueh  circuioitancea  merely 
Hhuws  itKvlf  OM  «  poiDl  of  liffht ;  the  ]K>int  may  be  brilliaut  or  not, 
ucuordiDt;  UM  the  Klar  v»  bright  or  not ;  the  point  will  alw,  of  coiuae, 
Hhow  the  colour  of  the  star,  but  it  eaiiu"t  show  any  r«c<>guiMUe  size 
(ir  Hhapc.  The  greater,  in  fact,  the  perfection  of  tlie  tcUscoiw,  the 
ainuller  is  th«  telcsoopic  image  of  a  star. 

How  many  stars  Hentehel  lookisl  at  iu  litis  review,  we  are  not 
told;  but  stall  event*,  uu  the  vvcr-tnenioruble  night  of  the  liltli 
of  March,  17S1,  h«  was  puruuBfr  his  self-allotted  tusk  among  the 
Mlars  in  the  constellation  Gemini.  Doubtless  one  star  afler  uiiothrr 
was  admitted  to  view,  and  was  allowed  to  pass  away.  At  length, 
however,  a  pbir  wait  placed  iu  the  field  which  differed  from  every 
utibcr  star.  It  was  not  a  more  point  of  light ;  it  had  a  minute,  but 
Mtill  It  [lerfeetly  recognisable,  diae.  We  say  the  disc  wiis  |»;rfei.-tly 
lecoguiiuible,  but  we  Kbuiild  ha  careful  to  add  that  it  was  no  to  tlw 
delicate  eye  of  IliTSi'licl  ulune.  Other  astronomers  had  often  seen 
tJiis  object  befure.  It  had  actually  been  most  deliberately  and 
carefully  measured  no  fewer  than  seventeen  times  on  fomx'r  <k-* 
caMons  before  the  Itath  musician,  with  bin  hiiine'madc  telracKjie, 
liwked  at  it.  Ilemchel  jiereoived  tliat  this  object  was  nol  what 
previous  astroDomcn  had  aupixwed  it  to  Ire  i  it  was,  tndntl,  not  a 
star  at  all.  Kveii  after  the  illsoovery  was  niudii,  niid  when  well* 
lj'4iuud  oltforvers  with  \{'<ihI  iiistrumwnls  liniked  again  uiHtrr  tb« 
direction  of  lluiseliul  aL  tills  ohjeet,  una  aftur  annllit'r  has  biiriiv 
ttvtimony  to  the  eitragnlitiary  delioncy  of  llurHilii'l's  iiKni'iilliili, 
which  eiiabhil  him  almost  at  iha  lirst  glaniw  Iu  diMirimiiisti*  ImiIWiwii 
this  ubjecl  ami  a  star. 
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IF  not  n  atar,  nliftt,  Uieo,  could  it  be  ?    The  Arst  et«])  to  enabis 
tliis  question  to  bo  «n«wcrL-d  n-ag  to  observe  tlie  body  for  eome 
time.    Tbis  Hurechel  did.    Ho  looked  at  it  ono  nigbt  aft«r  miotber, 
and  soon  he  disL-ovcrcd  ntinther  moat  fundaniL-ntal  diffennoc  between 
this  object  and  an  onlinary  star.     The  stars  are,  of  conrm,  olianic- 
tniwd  bj  their  fixity,  but  this  object  was  not  tixed;  niglit  after 
ni<;lit  the  place  it  occujiicd  chiinj-od  with  respect  to  the  tXta*.    No 
longer  coidd  tliero  \n>  nny  dr)til>t.  thiit  this  lindy  was  •  member  of 
the  Bokr  syeitcra,  and  thiit  iin  inloroiting  distcovcry  had  bten  msiile; 
many  months  hotrever  ehi{ii<ecl  befon;  Ut-ritclicl  knew  the  real  merit 
of  his  Achievement,     It  does  not  nceiu  at  firat  ti>  Imve  occurred  to 
him  that  he  had  made  the   superb  disoovory  of  another  mighty 
planet  revolnnff  outxide  Saturn;  he  thought  at  first  that  Jt  could 
only  be  a  comet.    Ko  doubt  this  object  looks  very  different  from 
the  ordinary  conception  of  a  comet,  which  is  decorated  with  a  tail. 
It  was  not,  however,  go  entirely  different  from  some  forms  of  tele- 
scopic comet  as  to  make  the  suggestion  of  its  being  a  body  of  thi» 
kind  unlikely;  and,  in  fact,  the  discovery  was  at  first  nnnounevdJ 
to  be  that  of  a  new  comet.     Time  was  necessary  l)efore  the  trusl 
character  of  the  object  could  be  ascertained.     It  muit  l>e  folIowedJ 
for  a  considerable  distance  along  its  patli,  and  measures  of  its  poti--^ 
tion  at  different  epochs  must  be  effected,  before  it  is  practicable  for 
the  mathematician  to  calculate  the  path  which  the  body  pursues ; 
once,  however,  attention  was  devoted  to  the  snbjwt,  many  astro- 
nomers aided  in  makini;  the  neceswiry  observations.     Tbeee  werej 
placed  in  the  hnnds  of  mathomatician*,  and  the  rcsnit  was  pro- 
claimed that  this  h(Mly  was  not  a  comet,  but  that,  like  all  the 
phinets,  it  revolved  in  n  nearly  drcular  path  around  the  snn,  and 
that  the  jmth  lay  millions  of  mile«  onlaide  the  jmth  of  Saturn,  which 
lia<l  so  long  been  regarded  as  the  boiindiiry  of  the  colnr  system. 

It  is  liardly  possibtc  to  over-estimate  the  signtficnncv  of  this 
splendid  discovery.  The  Gv»  planets  had  been  known  from  all 
aDti()uity ;  tlicy  were  all,  at  suitable  seasons,  brilliantly  conspicnona 
to  the  unaided  eye.  Bnt  HctscIk-I  showed  that,  far  outside  tho 
outermost  of  these  planets,  there  was  another  splendid  planet,  lai^-r 
tluin  Mercur}'  or  Mars,  larger — far  lar»er — titan  Veoos  and  the 
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«artb,  aoci  only  (mrptunteil  in  bnik  by  Jajntcr  and  1>j-  Satani,  Tliii 
euperb  new  plxuet  was  ]>lungi.'d  into  spAW  to  Ktioh  a  de|>th  that, 
Dotwithrtanding  ita  nobl«  proportions,  it  icemef]  merely  a  tiny  star, 
bein^  only  on  rare  occiwiona  within  mkch  of  the  anaided  eye. 
Herschel  showed  that  this  great  plati«t  required  a  \>enod  of  eighty^ 
wven  years  to  com|>lete  its  majestic  path,  and  that  tb«  diameter  of 
that  path  was  3,6no,UOO,000  milei. 

Althoii';!)  the  history  of  astronomy  \s  the  roconl  of  brilliant 
discoveries — of  the  disco vcrivo  of  Copeniiciis,  ami  of  Kepler— of  the 
letejioopie  avhievements  of  GaJil«o,  and  thv  K[ilcn<Iid  theory  of 
Newton — of  the  retine<l  discovery  of  the  aberrattcm  of  light^-of 
many  other  imperishable  triumphs  of  inletlect — yd  this  ncbieve- 
ment  of  the  organist  at  the  Ootagon  Chapel  occupies  u  totally 
different  position  from  any  other.  There  never  before  had  been  any 
historic  record  of  the  discovery  of  one  of  the  bodies  of  the  particular 
system  to  which  the  earth  belong.  The  older  planets  were  no 
doubt  dtscovored  by  some  one,  but  we  can  say  little  more  aboot 
these  discoveries  llian  we  can  about  the  discovery  of  the  snn  or  of  the 
moon ;  all  an-  alike  prehistoric.  Here,  then,  ^vas  the  firet  recorded 
instance  of  the  discovery  of  a  planet  which,  like  our  earth,  revolves 
around  tho  sun,  and,  like  our  earth,  may  conceivably  be  an  in- 
habited i;li>l».  So  uni(|ue  an  achievement  instantly  arrestt^^  the 
nttcntion  of  the  wholi'  scientilic  world.  The  mnsio-mastcr  at  Bath, 
hitherto  unheard  of  as  an  astronomer,  wan  speedily  placed  in  the 
very  forem<i«t  mnk  of  thonc  cnlitktl  to  tlic  name.  On  all  sides  the 
greatest  intercat  was  manifested  almut  the  unknown  philosopher. 
The  name  of  Hen«chel,  then  unfamiliar  to  English  tan,  appeared 
in  every  jimrnul  which  pretended  to  the  slightest  importance, 
and  a  curious  list  has  been  preserved  of  the  numlwr  of  blunders 
which  were  made  in  s]ielling  the  name.  The  different  scientific 
societies  liaatened  to  convey  their  congratolations  on  an  occasion 
so  memorable. 

Tidings  of  the  discovery  made  by  the  Hanoverian  mnsictan 
rmefaed  the  ears  of  George  III.,  and  be  sent  for  Herachel  to  come 
to  the  Court,  tltat  the  King  might  learn  what  his  aehievemont 
actually  was  from  the  discoverer's  own  tips.    Uersohel  brooght  with 
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him  onp  of  bis  teleecojjes,  and  he  provided  himself  witli  a  chart  of 
the  solikr  eyetein,  with  which  tu  explain  jirecieely  wherein  the 
significance  of  the  discovery  lay.  Tlio  KinR  was  greatly  inU'rcsU-d 
in  HerEchel's  narrative,  and  not  less  in  Herechel  himself.  Ttiv 
lolceeopes  were  erects  at  Windsor,  and,  under  the  astronomer'B 
guidance,  the  King  was  shown  Saturn  and  other  celchrntwl  oI>jccU. 
It  i*  also  told  how  the  ladies  of  the  Conrt  th«  nvxt  day  aslcc^I 
Herschel  to  show  thcni  the  objects  which  htid  eo  plms«<l  the  King. 
The  tidescopc  was  duly  erected  in  a  window  of  onii  of  the  Uiicvn's 
iipurtmentK,  but  whoa  evening  arrived  the  sky  was  found  to  W 
«verca«t  with  oloud«,  an<l  no  stars  could  he  si-cn.  This  waa  an 
cxperientitt  with  which  llcntchel,  like  every  other  astronomer,  tg 
unhappily  only  to<^  familiar.  But  it  is  not  every  utronomer  who 
would  have  hiid  the  readin^'i»  of  Heischel  to  cMapc  gmcefully  fram 
the  position.  He  Khowvd  to  his  lady  pupils  tbo  ooiiatractiou  of  the 
t«1e»copo;  he  exphiitkcsl  the  mirnir,  and  how  he  had  fashioned  it 
and  ])oli»licd  it;  and  then,  seeing  the  etouds  wore  inexorable,  be 
projiogcd  that,  as  he  could  not  shuw  tlicm  the  real  Saturn,  permission 
should  be  given  to  liim  to  exhibit  an  artificial  ono.  Tlic  [>ermis- 
*ioa  granted,  Heischel  lurnt-d  the  tckwope  awuy  from  ihi:  sky,  and 
pointed  it  towards  the  wall  of  a  distant  garden.  On  looking  into 
the  tclesooiw  then;  was  Saturn,  hia  globe  and  his  system  of  riDgB, 
so  faithfully  shown  tiiat,  myn  Herschel,  even  a  ekilful  aalrunomer 
might  have  been  deceived.  Tht;  fact  was  that  during  the  course  of 
the  day  Herscbel  saw  that  the  sky  would  probably  be  ovanaat  in 
the  evening,  and  he  had  provided  for  the  emei^feney  by  cutting  a 
hole  in  a  piece  of  eardbcioni,  the  ahape  of  Saturn,  which  was  theu 
iJaoed  againct  Uie  distant  gjrdeu  wall,  and  illuminated  by  a  lam^t 
at  the  back. 

TluB  visit  to  Windsor  was  productive  of  consctiuenco))  ino- 
Dientous  to  Herschel,  momentous  to  science,  tie  had  made  io 
favourable  an  impression,  that  the  King  jtrojioswl  to  ervalc  for  bini 
the  special  apiMiintmcut  of  King's  Astronomer  at  Windsor.  Tliu 
King  waa  to  provide  the  means  for  erecting  the  great  telcvcopos,  aiHJ 
he  allocated  to  Hersohel  a  salary  of  £iW  a  year,  the  lignros  being 
bawd,  it  must  hu  admitted,  on  a  somewhat  moderate  estimate  of  the 
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requirements  <if  itu  nslroiiomer'x  liouaehold.  Ilerschel  meDtioneil 
these  particuUra  to  no  one  tavo  to  hia  couHtaut  and  geDcrotw  tritoi, 
Sir  W.  Watson,  who  exclaimed,  "  Xevvr  bought  rooDareh  houonr  ao 
cheap."  To  alt  hie  other  in<jutrin);  friendii,  Ilerscbel  roerelj'  swd 
that  the  King  had  {irnvided  for  hiui.  In  aooeptiDg  this  pofit. 
Herschel  took  no  doubt  a  moot  serious  etep.  lie  at  once  sacrificed 
entirety  his  musicAl  career,  now,  from  many  so<ircet,  *  lucrative 
ono;  but  hie  determination  wa§  speedily  taken.  The  splendid 
eATiictt  that  he  hiid  already  given  of  bis  devotion  to  astronomy  wii«, 
he  knew,  only  tbi*  (^onimL-nccmcnt  of  a  series  of  most  memorable 
labours.  He  bad  itidoifl  lonj;  been  feeling  that  it  was  bis  botindca 
duty  to  follow  that  (nith  in  life  which  hi>i  geniiiK  indicated,  lie 
was  no  Ioniser  a  youn^  man.  lie  had  attuine<l  niid<Ui*  age,  and  the 
years  had  heeume  c)i])eciat!y  precioUM  to  one  who  knew  that  he  liad 
still  a  mighty  life-work  to  aocomplish.  He  at  one  etroke  freed 
himself  from  all  distractions;  bis  pupils  and  concerts,  his  whole 
connection  at  Bath,  were  immediately  renounced;  he  accepted  Ibe 
King's  offer  with  alacrity,  and  after  one  or  two  changes  settled 
pennauenlly  at  Slough,  near  Windsor, 

With  him  went  his  sister  Caroline,  alBoareeipientof  the  King's 
bounty,  as  assistant  to  her  bruther.  It  hardly  comes  within  our 
scope  to  narrate  the  wonderful  career  of  this  brother  and  sister. 
It  would  lead  us  too  far  to  attempt  any  description  of  the  herculean 
labours  by  which  mighty  telescopes  were  erected,  and  of  the  iD- 
domitahle  perseverance  with  which  the  observations  wore  con- 
ducted. How,  from  dusk  to  dawn,  the  great  astronomer  stood  at 
tlw  t«l«eop*  throughout  the  winler'i*  night;  bow  he  narrated  the 
wonders  that  he  saw;  how  the  (luthful  uxUir,  silting;  by,  txuns- 
cribed  thoBo  observations  till  the  ink  sometim<it  rn'xe  in  her  pen  ; 
bow  fthe  devoted  her  dayn  to  making  tlie  neecnury  calculations ; 
bow  for  nearly  forty  years  this  wonderful  brother  and  sister 
worked  together ;  and  how  many  and  marvelloua  were  tbo  dis- 
coveries which  were  made !  All  these  nuittent  euinot  here  he  more 
fully  deacribod.  In  the  o>ur»e  of  this  work  we  shall  still  have 
occaaiou  to  refer  to  Ilerschel's  discoveries  in  particular  brauchea  of 
aslroooniy,  and   so   here  we  must  forbear    to  pursue  this   most 
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attractive  subject,  merely  iwomtnendin;*  all  who  sro  interest^  iu 
the  biograpby  of  a  mnst  remarkable  woman  to  read  the  "  Memoirs 
of  Caroline  Uerscbel."* 

It  bag,  indeed,  been  well  remark<.-d  that  the  most  important 
event  in  connection  with  the  disccivery  of  Uraniis  was  the  discovery 
of  Herwbel's  unrivalled  powers  of  observation.  Uranus  must, 
sooner  or  later,  have  been  found.  Had  HerBcbel  not  lived,  we 
would  still,  in  all  probability,  have  known  Uranua  lonjj  era  this. 
The  really  important  ]M>int  for  science  was  that  ilerscbel's  <^nius 
should  be  given  full  scope,  by  setting  him  free  from  the  enfnv>Miut; 
details  of  an  ordinary  professional  calling.  The  diecovery  of 
Vraniis  secured  all  this,  and  accordingly  obtmned  for  astronomy 
all  llerscbel'fl  future  labours. 

Of  Uranus  itself  as  a  planet  we  have  but  little  to  say.  It  M 
plunged  into  space  to  such  a  remote  distance  that  even  the  best  ot 
OUT  modem  telescopes  cimnot  make  of  it  a  striking*  picture.  Wo 
can  see,  as  Hcrscbd  did,  that  it  has  a  measurable  <Hsc,  and  from 
meaisurcmonts  of  that  disc  we  conclude  that  the  <Iiftmeter  of  the 
pland  i*  ahmit  31 ,700  miles.  This  is  about  four  times  ns  »r«at  as 
the  diameter  of  the  earth,  and  wo  aecordinffly  sec  that  the  volunio 
of  Uranus  muxt  be  about  sixty-four  limes  as  "front  as  that  of  tlie 
enrth.  Wo  also  find  that,  like  the  other  ^ant  planets,  I'mnux  «c«ma 
to  be  Gomposvil  of  materials  much  tighter,  on  the  wliole,  tban  thoeo 
we  find  here ;  «o  that  though  !iixty-f»ur  times  oa  large  as  the  earth, 
Uranus  is  <m]y  fifteen  times  as  heai'y.  If  we  may  trust  to  tb« 
analogies  of  what  we  see  everywhere  else  in  our  syfftcm,  we  can 
feel  but  little  doubt  that  Uranus  must  rotate  about  an  axis.  The 
ordinary  means  of  demonstrating  this  rotation  can  be  hardly  avail- 
able in  a  body  whose  surface  apjwara  so  small  and  so  faint,  that  we 
cannot  conclude  with  any  certainty  as  to  the  existence  of  markings 
on  that  turfaco  definite  enouffh  to  be  watched  during  rotation.  The 
period  oF  rotation  is  accordingly  unknown. 

There  is,  however,  one  feature  about  Urnnus  which  present* 
many  jtoints  of  interest  to  those  astronomers  who  are  poascMed  of 
telescopes  of  unusual  size  and  perfection.  Uranua  is  accompanied 
*   Ity  Hit.  John  llraschrL     Ltmdnn,  H't. 
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by  a  i}-sltm  of  eatellitee,  some  of  whiob  are  so  faint  as  to  reqaire 
tho  cliMcst  scrutiny  tof  tUeir  detection.  The  discovery  of  these 
Mitellitcs  vroB  on«  of  the  saWqueiit  achieTements  of  Bersohel. 
It  i>,  hnn-ovcr,  remurkahlo  that  even  his  penetration  and  oare 
did  not  preserve  him  from  errors  with  repsnl  to  these  very 
delicate  ohjfots.  Some  of  the  jwiiits  n-hich  he  thought  to  be 
satellites' must,  it  would  now  seem,  have  bet-n  merely  stars  enor- 
mousty  more  distant,  which  happened  to  lie  in  the  field  of  view. 
It  has  been  finally  ascertaiiied  that  the  known  witelliles  of 
Uranus  ure  four  in  number,  tuvl  their  movemeuls  huve  l>ceii  maile 
the  subject  of  prolon^^  and  interesting  te!eKro]>ic  research.  Ttiv 
four  satellites  bear  the  names  of  Ariel,  Umbriel,  Titania,  and 
Oberon.  Arrauj^d  in  order  of  their  distance  from  the  central  body, 
Ariel,  the  nearest,  accomplishes  its  journey  in  ibi  days.  OheroOi 
the  most  distant  satellite,  completes  its  journey  in  13*16  days. 

The  law  of  Kepler  dui-lari*  that  the  imtb  of  a  satellite  around 
its  pnmaiy,  no  less  than  of  the  primary  arunud  the  sun,  must  be 
an  ellipse.  It  leaves  us,  however,  boundless  latitude  iu  the  choice 
of  the  shape  of  the  ellipse.  The  ellipse  may  be  nearly  m  circle^  it 
may  be  absolutely  a  circle,  or  it  may  be  something:  quite  difTerent 
from  a  circle.  The  paths  pursued  by  the  planets  are,  generally 
speaking,  nearly  ciicU-s ;  but  we  meet  with  no  exact  circle  amoii<; 
planetary  orbits.  So  far  an  we  at  present  know,  the  closest 
approach  made  to  a  perfectly  eirvuhir  movement  is  that  by  which 
the  satellites  of  Uranus  revolve  ai-ound  their  primary.  We  are  not 
prepared  to  say  that  these  iMth*  are  nlwiulutely  circular.  All  that 
can  be  said  iit  that  our  telescopes  fdil  to  show  any  measurable 
dejMrttm)  tiicrerruui.  It  is  also  to  be  noted  as  an  unparalleled 
circamstancc  that  tlic  orbits  of  the  satellites  of  Uranus  all 
li«  in  the  same  plane.  This  is  not  true  of  the  orbita  ol  tlw 
planets  around  tlie  auii,  nor  is  it  true  of  the  orbits  of  any  other 
•ysttftn  of  satellites  aruund  their  primari,-.  The  most  aiii^^uhr 
eircumstartcc  attending  the  whole  Uranian  system  is,  however, 
fiitind  in  the  position  which  this  plane  occupies.  This  is  indenl 
ahnoit  as  great  an  anomaly  in  our  system  an  arc  the  rJn^  of 
Saturn   themaelvM.      Vfe   hove   already   had   oceasioD  to   notice 


270 


2'nE  STORY  OF  TltE  BEAVES8. 


tlmt  tb(S  plane  in  which  the  earth  revolves  around  the  sun  is 
very  npdriy  coincident  with  the  planes  in  which  all  the  other 
great  plunctx  revolve.  The  aame  ts  true,  to  a  large  ntont,  of 
the  Drliitu  flf  the  minor  planets;  though  here,  no  iloiibt,  we  meet 
with  a  tew  uitws  in  which  the  plane  of  the  orbit  is  inctinecl  at  do 
inconKidcrahle  nn^le  to  the  plane  in  which  the  earth  moves.  Tho 
piano  in  ivhieh  Uie  moon  revolves  also  lies  very  clotw  to  this  system 
of  planetary  pianos.  So,  too,  do  the  orbits  of  th«  Ent«Ili(c«  of 
Saturn  and  of  Jtipitor,  while  even  the  more  recently  disoovered 
satellites  of  Mars  form  no  exception  to  the  rule.  The  whole  solar 
system — at  leii*t  so  far  as  the  great  planets  arc  eoneemed — would 
require  but  eompattitively  little  alteration  if  the  orbits  w«re  to  Iw 
i-ntirt'ly  llnttened  rlowo  into  one  plane.  There  if.,  however,  one 
notable  exception  to  this  all  but  universal  rule.  The  »iitellit«s  of 
UrantiR  revolve  in  a  piano  which  is  far  from  coinciding  with  th« 
plane  to  which  all  other  orbits  approximate.  In  foet,  the  patlis 
of  the  Kat<-llit4>s  of  Uriintts  lie  in  a  plane  nearly  at  ri^ht  auglefi  to 
the  orbit  of  Uronus.  We  ore  not  in  n  position  to  give  any  aatis. 
factory  explauation  of  this  eircumstnnec.  It  is,  however,  evident 
that  in  the  genesis  of  the  Uranian  system  there  must  hare  l>ecn 
8ome  infliicnec  of  a  i^uite  exceptional  aiid  local  charncter. 

Soon  after  the  discovery  of  the  planet  UraRi»,  in  1781, 
sufficient  observations  were  accumulated  to  enable  the  orbit  it 
follows  to  be  determined.  When  the  orbit  was  known,  it  was  then 
a  mere  matter  of  mathematical  calculation  to  ascertain  where  the 
planet  was  situated  at  any  past  time,  and  where  it  would  b« 
sitimtcd  nt  any  future  time,  A  very  interestinfr  inquiry  was  thus 
BUggested  as  to  how  far  it  might  be  possible  to  find  any  olnervations 
of  the  planet  made  previously  to  its  discovery  by  Hersehel.  Uianus 
looks  like  a  atar  of  the  sixth  magnitude.  Kot  many  astroDomon 
were  provided  with  telescopes  of  the  perfection  attained  by 
Hersehel,  and  ibe  |>ersonal  dolitracy  of  {lerception  eharacteriatie 
of  Rerachel  was  a  still  more  nrc  pouession.  It  was,  tlierefore, 
to  be  expected  that,  if  such  previous  observations  existed,  they 
would  merely  record  Uranus  as  a  star  vbible,  and  indeed  bright, 
in  a  moderate   telescoi>e,  hut   still   not  claiming  any  exceptional 
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ftttentiOB  «Ter  thnuaanda  nf  ap]>Areiit1y  similur  aUin.  Mittiy  of 
the  esriy  artronuniers  had  devoW  tbemBelves  in  the  useful  and 
laborious  work  of  forming  uatnlogueH  of  etara.  In  the  preparation 
of  a  star  catalogue,  the  t^leacope  was  directed  to  the  heavens,  the 
stars  were  observed,  their  places  were  carefully  measurtd,  tho 
brishtness  i>f  tlie  star  was  also  cEtimnted,  and  thus  the  catalo^pie 
was  i^Ridually  compiled  iu  wbicli  ea«h  star  had  its  place  failhfidly 
recorded,  so  tliat  at  any  fuluie  time  it  could  be  ideiitificil.  'Hie 
ftlars  wcrv  Ilins  inventoried  by  hnndrcdn  and  by  thouMind«,  at 
various  dutos  from  the  birth  of  accurate  axtronoiny  till  ibe  prrcent 
tjme.  Tlitt  ciiggctrtioii  wae  th«ii  made  that,  oh  I'raitiw  looked  so 
liki^  a  Ntur,  und  ai;  it  wuti  quite  bright  enough  to  haw  en^^fcil  the 
attention  of  astrunomcrs  iMiss<'sscd  of  evim  vtry  moderate  instru> 
mental  powers,  there  was  a  [wssibility  that  it  bad  alrmdy  been 
observed,  and  thus  actually  lay  recorded  as  a  star  in  some  of  the 
older  catalogues.  I'his  was  indeed  a  suggestion  worthy  of  every 
attention,  and  pre^ant  with  the  roost  important  con»e<iuence8  in 
connection  with  the  immortal  discovery  to  be  discoased  in  our  next 
chapter.  But  how  was  such  an  examination  of  the  catalogues  to 
\te  conducted  ?  Uranus  is  eanslautly  moving;  about ;  does  it  not 
Beem  that  there  is  every  element  of  uncertainty  in  such  an  in- 
vestigation?    Let  IIS  consider  ii  memorable  extimple. 

The  great  national  observatory  at  Greenwich  was  foimded  in 
1A75,  and  the  Rri>t  AKtronomer>Koyal  was  the  illuslHous  Flunat<>Gd, 
who  in  1(170  commenced  that  series  of  obser^-atious  of  the  heavenly 
bodies  which  has  bcren  continued  (o  the  present  day  with  such 
incalculable  beneftts  to  science.  At  first  the  instruments  were  of 
the  most  primitive  description,  hut  in  Iho  course  of  some  years 
Flainsleed  succeeded  in  procuring  instruments  adequate  to  tbe 
production  of  a  catalo;;uc  of  itars,  and  he  devoted  himself  with 
extraordinary  zeal  to  the  undetrtakinji-  It  is  in  this  memorable 
work,  the  "  llistoria  CceleiitiM"  of  Flamsleed,  that  we  have  found 
the  first  observation  of  Uranus.  In  the  first  [ilace,  it  was  known 
that  the  orbit  of  Uranuo,  like  the  orbit  of  every  otlier  gnat  planet, 
was  inclined  at  a  very  Mmnll  an^le  to  the  ecliptic.  It  benee 
follows  that  Uranus  is  at  all  limes  only  to  be  met  with  along  the 
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ecliptic,  and  it  is  possible  to  calculate  where  the  {)laiK*t  wiis  in 
each  ycnr.  It  wa£  thus  swn  that  in  th&  year  IG'JO  the  plnnct  iva« 
situnt«(l  in  that  part  of  the  ecliptic  where  Flamstcetl  ivm  at  the 
same  ilatc  mukin^  his  ohservatinns.  It  wtm  natural  to  lenrch  tha 
observations  of  Flnmstocd,  and  see  whether  any  of  tlic  so-mlled 
stars  could  have  been  Umuus.  Au  object  was  found  in  the 
"  Historia  Ccelestis"  which  occupied  a  position  identical  with  ttiat 
which  Uranus  must  have  Elled  on  the  simie  date.  Could  thia  he 
Uranus  ?  A  decisive  test  woa  at  oDoe  avaibhlc.  The  tulewoiie  wiu 
directed  to  the  spot  in  the  heavens  where  FluTn«t«ed  saw  a  sixtli> 
ma^itude  alar.  If  that  were  really  a  star,  Ihi^i  would  it  still  be 
visible.  The  trial  was  made:  no  Ktich  »tar  could  lie  found,  and 
hence  the  presumption  that  this  wa*  really  Urauus  could  hardly 
be  for  a  moment  doubted.  Sjieedily  other  con  Brm  at  ton  a  Qowcd  id. 
It  was  shown  thut  Uranus  bad  been  unconsciously  observed 
by  Bradley  and  by  Tobias  Mayer,  and  it  also  became  apparvnt 
that  Flamsteed  had  observed  Uranus  not  only  once,  but  that 
he  had  actually  measured  its  place  four  or  five  times  between 
the  years  lliyfl  and  1715.  Yet  Flamsteed  ivaa  never  cflnccioua 
of  the  discovery  tliat  lay  so  Dearly  in  his  grasp.  He  was  of 
tourse  under  the  imprcKsiou  that  alt  these  observationfl  related 
to  different  stars.  A  still  men!  remarkable  case  is  foun<l  amonj; 
the  observations  of  liemunnier.  After  Uranus  had  been  dts- 
coveied,  Lomonnicr  tunied  to  examine  his  former  observation*, 
and  among  tbvm  he  found  that  he  had  realty  observed  Uranus 
no  Ices  than  three  times,  on  eaeh  occasion,  of  course,  reoording 
it  as  a  diMlinct  atar.  Dut  Uranu»  had  in  reality  »  still 
narrower  eMcajM!  from  hiring  <h;tfct<-d  by  Lcmonnier.  AnotlHtr 
lurtronomer  on  going  again  over  Lcmonnier's  work  fonnd  no  fewer 
than  nine  additional  observations  of  Uranus,  and  of  these  four 
hod  been  made  on  consecutive  nights.  How  cIokc,  indeed,  was 
Lemonnici  to  the  discovery  which  would  have  imroortaliitvd  htm  \ 
DurinR  the  intervals  W'twii-n  those  four  nights,  the  planet  of  cotinie 
moved,  and  was  of  cuunw  ttikcii  for  a  different  star  each  night.  If 
Lemounicr  had  only  carefully  looked  over  his  own  work ;  if  he 
bod  pcreetT..-d,  as  he  might  have  done,  bow  the  star  ho  oboerved 
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yostunlny  wm  gono  to-day,  while  the  star  visible  to-day  hud  riovm] 
awn)'  Ity  to-morrow,  there  is  no  tlgiibt  thnt  Uninu*  would  luivv 
been  diMcov«rvd,  and  William  H«nH:hL-1  would  liaru  bvcn  iintid- 
pHttHl.  Would  Lcmonnier  have  nuide  a»  f^ood  usv  of  his  fame  a« 
Hi!nu.'hul  <lid?  This  i«  a  ([Uirsttoii  bard,  {icrliaps,  to  iinxwer;  but 
thoac  who  «titiinat«  tiiMKchrl  em  Uhi  [in-M>iit  writ«r  tliinkK  he  ought 
to  ht  dtimatvd,  will  prohiibly  nirrvr  in  thinking  tluit  it  wiui  moat 
rurlutinto  Tor  Kcifuec  that  Lcinunnirr  did  itol  vomparw  bin  oliaer- 
vationn.* 

Thno  tinrly  accidental  observati'ins  of  Uranwi  nni  not  mcrvly 
to  b«  r^gnnled  as  mntten  of  historivul  interest  or  curiority.  That 
tbcy  ar«  of  tlic  (lcf[)cst  importance  with  ri';ptrd  (o  the  Mrtcnce  itself 
n  few  words  will  oniiblo  us  to  show.  It  in  to  ho  rciaembered  that 
Uranus  require*  no  lexw  than  eiglity-fotir  yean  to  occoniplisb  hut 
mighty  revolution  amutid  (he  sun.  The  pUnct  haa  conipletixl  one 
entire  revolntion,  since  its  discovery,  and  up  (o  the  present  time 
(18S5)  has  accomplii'hed  nearly  one-third  of  another.  For  the 
careful  study  of  the  nature  of  the  orbit,  it  was  desirable  to  have 
as  many  obaervations  aa  posiiible,  and  extending  over  the  widest 
possible  interval.  This  waa  in  a  threat  measure  secured  by 
the  identiBcatJon  of  the  early  obser^-ations  of  Umnus.  An  a|>> 
proximate  knowledf^  of  the  ort>it  was  quit*  ca|)abIo  of  ^vin;; 
thv  plucrs  of  the  planet  n-itb  sufficient  oociintcy  to  identify  it  when 
met  with  in  the  catulo(>iies.  But  wlivn  by  their  nid  the  actual 
obacrvations  have  Iwvn  disooverMl,  tboy  tell  ua  precisely  the  place 
of  Uianus ;  ami  hence,  instead  of  our  knowledge  of  the  pUaet 
beinf;  limited  to  but  little  more  than  one  revolution,  ne  tiave  at 
the  |>rt«rnt  time  infonnation  with  regard  to  it  extendin};  over 
considerably  more  than  two  revolutions. 

Kroin  the  obaorvaliona  of  the  planet  the  ellipse  in  which  H 
moves  can  be  sMyrtaincd.  We  can  compute  this  ellipse  from 
the  observations  niude  during  the  time  since  the  discovery.  We 
can  also  compute   the   ellipee  from  the  tarly  ubservatious  made 
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Ixifore  tlie  (llccovei-)'.  If  Ko|>ler'i«  \sivn  wck  rigorouxly  vcrilietl, 
theo,  of  oourse,  the  cllijiitc  perfurmed  tn  the  prcaent  revulutioii  must 
differ  in  no  mpvot  from  the  ellipse  performeil  in  the  {trei^edinf^;, 
or  iodoetl  in  any  other  revolution.  We  can  test  thii  jioiiit  in  an 
itit«ret1ing  munner  \>y  comjiariu^  the  elliiise  derived  fmm  tht? 
BiiL-icnt  obserrationB  with  that  deduced  from  th«  modern  (m<«. 
I'lu^Ke  ellipneii  cloaely  resemhle  each  other ;  they  arv  noiuty  th« 
same ;  hut  it  is  most  important  tn  observe  that  they  are  not  eraHl^ 
the  same,  even  when  allowance  has  been  made  for  every  known 
WBFCe  of  distnrhance  in  nccordancG  with  the  pHneiplen  explaincc]  in 
the  next  chapter.  The  law  of  Kepler  aeems  thus  not  absolutely 
true  ill  the  caftc  of  Uranus.  Here  is>  indeed,  it  matter  demanding 
our  moft  earnest  and  careful  attention.  [lave  we  not  n'pcatedly 
kid  down  the  nniversality  of  the  laws  of  Kepler  in  controlling  the 
planetary  motions?  How  then  can  we  reconcile  this  law  with  tli« 
irre^larities  proved  beyond  a  doubt  to  exist  in  the  mottont  of 
Uranus? 

Let  na  look  a  little  more  closely  into  the  matter.  "We  know 
that  the  laws  of  Kepler  are  a  consequence  of  the  laws  of  gravitation. 
We  know  that  it  is  in  virtue  of  the  sun's  attraction  that  the  planet 
moves  in  an  elliptic  path  around  the  sun,  and  we  know  that  thu 
ellipse  will  be  preserved  without  the  minutest  alteration  if  the  «tin 
and  the  planet  be  left  to  their  mutual  attractions,  and  no  other  force 
intervene  to  disturb  them.  The  conclusion  is  irresistible.  Umnus 
doea  not  move  solely  in  consequence  of  the  sun's  attraction  and 
that  of  the  planets  of  our  system  interior  to  I'raiuis;  there  muet 
tberefore  be  some  further  influence  acting;  upnn  I'ranns  iK-sidea 
those  already  known.  To  the  development  of  this  subject  the 
n«t  chapter  will  be  devoted. 


CHAPTER    XV. 
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Ditoemj  of  N«^un»— A  UatlMiMtioBl  Avhiovrmfnt— The  Sun'i  Attitetbll— Att 
Bodiri  AUnii--l — Jupttw  Mid  Snturn — 'Itui  PluncCnry  l*»Tturbatioiia—>nirM 
BoilkB— Natim  hu  StmpUflDd  tha  Prvblain—AiipTo&iinAU  SoloUon— The 
SouTCM  ol  8ucaeH~-Th«  FroblMn  Slated  for  Uia  Kfttth— Tha  I>Uc»TfTiM  at 
Lkgnnge — Th<'  Kccnntiioitj— K(««nity  ihat  all  the  naiww  HotoIv*  in  Qia 
nun*  DlrMlloii  — L«Knnen'*  lUixretrim  hav«  sot  tho  DramaUc  IntorMl  of  tho 
moi*  Bt«ait  AohlKTiniuintJi— The  Imgtikti^M  of  Ureoiu—Thr  Cnknowo 
lluiM  mart  Rei-olt*  outnJo  Iho  I'nth  of  Un&iu— Ilia  Usia  tor  tho  IVihlcm— 
\^  Vtrnvt  ■iidAdMW  both  IaTMCi0at«  Dm  Qnoition — Adam*  InJicalM  Out 
rinco  of  the  Ilnnot— llow  Ibe  Siueh  «h  to  b«  Ooadnclad— L«  V«n4»rale» 
i^lvM  Ihc  rioblcm— The  Tvlaecii>teo  Di*eonii7  of  the  Ptnaol— Tho  Itiral 
(iBtnu*— brljr  OtaoivalioD  u{  NtftUM— UiSealty  of  the  Tdmogiio  Uludj  of 
Ncp(iuie~Kamprit«I  UviAiU  at  the  Oilnt— It  tiifn  uijr  OM«r  PluMtf— €ai- 
trasl  briwota  Monnitjr  and  NDptaaik 

Wk  eiit«r  in  thu  cihtpter  into  a  discovery  k>  extraordinary  that  th« 
whole  antmU  of  teuinoe  may  be  wearched  in  rain  for  a  parallel.  We 
are  not  here  eoncemnl  with  t«(-!iTiicalitiea  of  practical  astronomy. 
Neptune  wa«  firvt  rrvcttled  tn  us  by  profound  matiiematical  re* 
search  ralber  than  by  tcleacofnc  inre«tifpttioa.  We  must  develop 
thr  account  of  thU  striking  e]x>ch  in  the  history  of  Bciencc  with  the 
fulneM  of  detail  which  is  commensurate  witli  its  importance ;  and  it 
will  accordingly  be  necessary,  at  the  outset  of  our  narrative,  to  make 
BR  excursion  into  a  difficult  hut  most  attractive  rc^on  of  lulitmomy, 
to  which  we  luive  as  yet  made  little  referenott. 

The  «nprcme  controlling:  power  in  th«  volar  ayatem  is  the 
altruction  of  the  t>nn.  Each  phiiict  of  the  ayitt'm  rx;>cni.-ncr«  lliat 
attraction,  and,  in  virtue  of  it,  the  pliuiet  u  coiwtrmincd  to  more 
aroitod  tlu  eun  in  an  olli]itic  path.  The  efliciency  of  the  ann  ns  an 
attnetive  ngrnt  is  directly  profmrtional  to  ita  maw,  and  la  ita  maai 
is  more  than  u  thouMUwl  limes  as  (f^'at  aa  the  meet  of  Jujnter, 
which,  itself,  exccvdti  tltnt  of  all  the  otlivr  ptanetf  eolledtvdy,  lh« 
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attnctaou  of  the  sun  is  necessarily  the  chief  detennining  force  o{ 
all  the  moTementB  in  our  s^tem.  The  law  of  gravitation,  how- 
ever, does  not  merely  say  that  the  sun  attracts  each  planet. 
Omvitation  is  a  doctriDe  much  more  genera],  for  it  araerta  that 
every  body  in  the  nnirerBe  attracts  every  other  body.  In  obedience 
to  thia  law  each  planet  must  he  attracted,  not  only  by  the  sun,  but 
by  innnmerable  bodies,  and  the  movement  of  the  planet  must  be 
tiie  joint  effect  of  all  the  attractions.  As  to  the  influence  of  the 
•tars  on  our  solar  system,  it  may  be  at  once  set  aside  as  id- 
appreciable.  The  stars  are  no  doubt  enormous  bodies,  in  many 
i  cases  possibly  transcending  our  sun  in  magnitude,  but  the  law 

of  graritation  tells  us  that  the  intensity  of  the  attraction  de- 
creases with  the  sijuare  of  the  distance.  Most  of  the  stara 
are  a  million  times  as  remote  as  the  sun,  and  consequently 
their  attraction  is  so  slender  as  to  be  absolutely  inappreciable  in 
the  disenssion  of  this  question.  The  only  attractions  necessary  to 
•-  consider  are  those  which  arise  from  the  action  of  one  body  of  the 

system  upon  another.     Let  ns  take,  for  instance,  the  two  largest 
It-  planets  of  our  system,  Jupiter  and  Saturn.     Each  of  these  planets 

moves  mainly  in   consequence   of  the  sun's  attraction,  but    each 

B  planet  also  attracts  the  other,  and    the  consequence  is  that  each 

planet  is  slightly  drawn  away  from  the  position  it  would  other- 
wise have  occupied.  In  the  language  of  astronomy  we  would 
say  that  the  path  of  Jupiter  is  perturbed  by  the  attraction  of 
Saturn;  and,  conversely,  that  the  path  of  Saturn  is  perturbed  by 
the  attraction  of  Jupiter. 

For  many  years  these  irregularities  of  the  planetary  motions 
presented  problems  which  astronomers  were  not  able  to  solve, 
tiradually,  however,  one  difficulty  after  another  has  been  vanquished, 
and  though  there  are  no  doubt  some  small  irregularities  still  out- 
standing which  have  not  been  completely  explained,  yet  all  the 
larger  and  more  important  phenomena  of  the  hind  are  well 
understood.  The  subject  is  one  of  the  most  difficult  which  the 
astronomer  has  to  encounter  in  the  whole  range  of  his  science. 
He  has  here  to  calculate  what  effect  one  planet  is  capable  of  pro- 
ducing on  another  planet.     Such  calculations  bristle  with  the  most 
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formuUble  difKculUes,  wlik-h  mn  nnly  be  ovfivoinc  hy  eonmitn- 
inaU<  skill  in  the  loftiest  l>nuivlie&  of  nintlimiulicii.  Lvl  uh  i>t»te 
wliat  the  problem  really  in. 

When  two  bodies  move  in  virtue  of  tlu-ir  nitiluHl  ■tlmetion, 
vacb  of  tW>ec  bodies  revolves  iu  «  [intb  wliicli  ndiiiitu  of  \te\itg 
cxiu'lly  cnlciiUted.  Ea<?lt  palli  is,  in  fact,  »n  (.'lUiifc,  uiid  ihe  focun 
of  eitcb  ellipse  is  at  the  ceiiti'e  of  gravity  of  the  two  bodu-n.  lo 
tho  ca«t'  of  a  eun  and  a  planet,  in  which  the  mnss  of  tlie  sun 
prepoiidi-mti-s  so  enormously  over  tbo  mass  of  the  planet,  the  (.-euin.- 
of  i^ruvity  of  the  two  lies  very  near  the  centre  of  th«  sun ;  thv 
iii-tiiiil  path  of  the  sun  is  in  such  case  very  small  in  eoniparison 
with  the  path  of  tlio  planet ;  and  hence  wc  aR>  justiRcil  in  most 
auv»  in  regarding  tlio  nun  as  at  rest,  and  tbc  planet  rcvolvinjif 
around  it.  All  thc«c  matt«ni  admit  of  perfectly  ri(^id  ealcuU- 
tJon  of  n  somewhat  elementary  chamctvr.  But  now  let  um  add  s 
Uiird  body  to  the  aystem.  litis  third  body  nttnu^tK  cneh  of  the 
other!!,  iind  i:'  attnieted  by  Ihem.  Hy  thi«  attraetion,  the  third  body 
is  displaced,  and  aecordingly  itti  influence  on  the  other*  in  modilicd  ; 
they  in  turn  act  u|N>n  it,  and  IIr-nc  uctioiiM  and  reactions  introduce 
endless  complexity  into  tlie  nystem.  Such  ie  the  fainoiiN  "  problem 
of  three  hodien,"  whieh  bw  engaged  the  attention  of  almoxt  every 
great  ninth  emu  tician  ninee  the  time  of  Newton.  Stated  in  it« 
nnit  hematite  I  aspect,  and  witWut  having  ita  rigour  alMted  by  any 
modifying  circumstances,  the  problem  is  one  that  defies  solution. 
Xo  one  has  yet  been  able  to  euniitruct  the  analysis  which  aliall  be 
powerful  enough  to  oojic  with  the  mutual  atlraclions  of  thrve  bodies 
moving  freely  in  spne«.  If  the  numWr  of  bodies  be  greater  than 
tlirti-,  n»  i*  actually  the  ease  iu  IImi  solar  system,  the  ]'robtein 
becomes  still  more  hopcluu. 

Nature,  liowever,  hu  in  tbi«  matter  dealt  kindly  witli  at.  She 
lias,  it  is  true,  proposed  a  problem  whieh  cannot  be  rigorously 
Eolved  i  but  ohe  ha»  iotrodueed  into  the  problem,  as  pro|)osed  in  tlie 
tolar  system,  certain  special  features  whieh  materially  reduce  the 
difliculty.  We  are  still  unable  to  make  «  hat  a  matbematieian  would 
describe  as  a  rigorous  solution  of  the  question  ;  we  cannot  solve  it 
with  tlie  comploteneea  of  a  sum  in  arithmetic ;  but  wo  um  do  what 
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ie  nearly  i£  not  quite  as  useFuI.  Wo  cnn  eolvc  the  problem  approxi- 
mately; we  can  lind  out  wliat  tho  effect  of  one  iiknet  oa  the  otbor 
is  verji  nearly,  &nd  we  can  by  additluiiul  lubotir  reduce  the  limitit  of 
uncorlainty  to  as  low  a  point  at;  may  1)0  ilcxirod.  We  thus  have 
really  u  practicol  solution  of  llic  imiltlcm  adequate  for  all  the  i>ur- 
poses  o£  science.  It  avails  us  little  to  know  the  place  of  a  planrt 
with  aWilutc  Riallu-maticjil  aeeuracy.  If  wc  can  calculate  the 
plunu  with  *o  close  a  degree  of  approximation  to  tlio  true  position 
that  no  telescope  could  possibly  disclose  the  difference,  then 
every  pmcticol  end  will  have  bees  attained.  The  ivason  why 
in  this  ease  we  are  enabled  to  get  round  the  difBouJtiw  uliioh 
we  cannot  surmount,  lies  in  the  esceptional  character  of  the 
problem  of  three  bodies  as  exhibited  in  the  solar  system.  In  the 
first  place  the  sun  is  oE  such  pre-eminent  mass,  that  many 
matters  nay  be  overlooked  which  would  be  of  moment  wore  be 
rivalled  in  mass  by  any  of  the  planets.  Another  great  source 
of  success  arises  from  the  tmall  inclinations  of  the  planvtory 
orbits  to  each  other ;  while  the  fact  that  the  orbits  are  uearlj-  cir- 
cular aim  greatly  fa^iilitates  the  work.  The  mathirmatitnans  who 
reside  in  iiome  of  the  other  parts  of  the  univcrtte  are  not  t^ually 
favoured.  Among  the  sidereal  systems  we  find  not  a  few  cases 
where  the  problem  of  three  bodies,  or  even  of  more  tiiati  three, 
would  have  to  he  faced  without  any  of  the  alleviating  eircutu- 
stances  which  our  system  jireiients.  In  such  groujs  as  ibe  mar- 
vellous quadruple  star  of  Orion,  we  have  four  or  more  bodies 
oomparable  in  size,  which  must  jiroduee  movements  of  the  utmost 
complexity.  Even  if  terrestrial  niatliematicians  had  the  hardihood 
to  face  such  problems,  there  is  no  likelihood  of  thrir  being  able  to 
do  so  for  ages  to  come;  such  reseai'cbes  must  re]iose  on  accuntte 
olnaer^'ations  as  their  foundation  ;  and  the  obsi^rvatinns  of  these  di»- 
tunt  systems  are  at  present  utterly  inndetjuate  for  the  purpose. 

The  elliptic  revolution  of  a  planet  around  the  sun,  in  couforuiity 
with  Kepler's  law,  would  assure  for  that  planet  pennaneul  con- 
ditions of  climate.  Our  earth,  for  instance,  if  guided  solely  hy 
Kepler's  laws,  would  at  each  day  of  the  year  return  exactly  to  the 
saote  position  which  it  had  on  the  same  day  of  hut  year.     From  a^ 
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to  Bg#  llie  (luaiitlty  of  lii-at  veoeiiod  l)y  our  earth  woiiM  rfimain  con- 
EtaDt  if  the  sun  himself  remaiiiod  constant,  »nd  our  climate  would 
thus  be  preserved  indelinitely.  But  siooethe  existence  of  planelanr 
perturbation  has  become  reco(;niscd,  qiieatioaa  arise  of  the  deepest 
importuDcc  with  roferent-o  to  llie  possilile  effects  which  surh  pertur- 
bations may  bnvo.  AVe  n»w  seo  lliat  the  path  of  the  earth  is  onl 
absolutely  lixcd.  That  path  is  demn)^d  by  Venus  and  by  Mara  ; 
it  is  deraiigi^l,  it  mimt  be  dcr»n(jed,  by  every  planet  in  our  system. 
It  IB  true  that  in  a  year,  or  even  id  k  century,  the  amount  of  do- 
rftngument  priKlueed  U  not  very  great;  the  elti]i«o  which  teprcwiila 
very  nmrly  the  path  of  our  earth  this  yuir,  does  not  differ  much 
from  the  ellipse  whieh  repreiuMited  the  movemotit  of  the  earth  one 
hundred  yearn  ago.  Hut  the  imprtant  question  kHkcs  as  to 
whether  the  slight  <li(rerence  whicl)  duos  exist  may  not  be  eon- 
slnntly  iucri-asingr,  and  may  not  ultimately  assume  sucli  propor- 
tions a*  to  profoundly  modify  our  climates,  or  even  to  render 
life  utterly  impouible.  Indeed,  if  we  look  at  the  subject  with- 
out Attentive  ciilciilation,  nothinj*  would  seem  more  probable  than 
that  such  should  be  the  fate  of  our  system.  Our  earth  revolvts 
in  It  path  Ui*i(U  that  of  the  tni|;hty  Jupiter.  The  earth  is  con- 
•tuntly  Htlnu;led  by  Jupiter,  and  when  it  overtakes  Jupiter,  and 
come*  between  Jupiter  and  tlie  aun,  then  the  two  plaoeta  are 
ounijmnitively  eh«e  tog4'ther,  and  the  earth  ia  i«uUed  outwards 
by  Jupiter.  It  might,  therefore,  be  supixwetl  that  the  tendency 
of  Jupiler  would  be  gradually  to  draw  iJte  earth  iiway  from  the 
Kuu,  and  tliua  to  cause  the  earth  to  deecribe  a  path  ever  growing 
wider  and  wider.  It  is,  however,  not  possible  to  decide  a  dynamical 
cpieation  by  merely  saperiwial  reasoniuf;  of  this  character.  The 
question  baa  to  be  brought  beforo  the  tribunal  of  mathematical 
analysis,  where  every  element  in  thcoase  is  duly  taken  into  account. 
Such  an  inquiry  is  by  no  means  aaimple  one.  It  worthily  occupie*] 
the  splendid  talents  of  Lagrange,  and  his  diecoverii-s  in  the  theory 
of  planetary  perturbation  are  some  of  the  mo«t  remarkable  oontri- 
butiotis  ever  made  to  theoretical  ottronomjr. 

We  vannot  here  attempt  to  give  ewn  tlie  ■ljg)it«'st  sketch  of 
the  rcMoning  whivh  Lugrango  employed.    It  cnn  only  be  expressed 
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Ly  the  lormulro  of  the  inatbematician,  and  would  then  be  hardly 
iDtelligible  without  previous  years  of  mathematical  study.  It 
fortunately  happens,  however,  that  the  results  to  which  Lagrange 
was  conducted,  and  which  have  been  abundantly  confirmed  by  the 
labours  of  other  mathematicians,  admit  of  being  described  in 
simple  language. 

Let  us  suppose  the  case  of  the  sun,  and  of  two  planets  circulating 
around  him.  These  two  planets  are  mutually  disturbing  each  other, 
hut  the  amount  of  the  disturbance  is  small  in  comparison  with  the 
effect  of  the  sun  on  each  of  them.  Lagrange  demonstrated  that, 
though  the  ellipse  in  which  each  planet  moved  was  gradually 
altered  in  some  respects  by  the  attraction  of  the  other  planet, 
yet,  there  is  one  feature  of  the  ellipse  whieli  the  perturbation  is 
powerless  to  alter  permanently  :  the  longest  axis  of  the  ellipse — that 
is  to  say,  a  line  equal  to  double  the  mean  distance  of  the  planet 
from  the  sun — must  remain  unchanged.  This  is  really  a  discovery 
as  important  as  it  was  unespectcd.  It  at  once  removes  all  fear  as 
to  the  effect  which  the  perturbations  can  produce  on  the  stability  of 
the  system.  It  shows  in  partitularj  so  far  as  the  earth  is  concerned, 
that,  notwithstanding  the  attractions  of  Mars  and  of  ^  enus,  of 
Jupiter  and  of  Saturn,  our  earth  will  for  ever  continue  to  revolve 
at  the  same  mean  distance  from  the  sun,  and  thus  the  succession 
of  the  seasons  and  the  length  of  the  year  will,  so  far  as  this  cause 
at  least  is  concerned,  remain  for  ever  unchanged. 

But  Lagrange  went  further  into  the  inquiry.  He  saw  that  the 
mean  distance  did  not  alter,  hut  it  remained  to  be  seen  whether 
the  eccentricity  of  the  ellipse  described  by  the  earth  could  not  be 
affected  by  the  perturbations.  This  is  a  matter  of  hardly  less  con- 
sequence than  that  just  referred  to.  It  might  be  that,  while  the 
earth  still  preserved  the  same  average  distance  from  the  siiu,  yet 
that  the  greatest  and  least  distance  might  change  enormously :  the 
earth  might  pass  very  close  to  the  sun  at  one  part  of  its  orbit,  and 
then  recede  to  a  very  great  distance  at  Ihe  opposite  part.  So  far 
as  the  welfare  of  this  earth  and  its  inhubitants  is  concerned,  this 
is  quite  as  important  as  the  question  of  the  mean  distance ; 
too   much   heat   in   one  half  o£    the  year   ivould   be   iudifferent 
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oompenratinn  fur  too  little  during  th«  utlwr  half.  iMgnngc  t>iib- 
Qiitted  this  (jupKtiou  alxo  to  hi*  powerftil  uimlyMiR.  Again  liv  vku- 
i|uis1ic(l  the  tnalliciniiticiil  <lifl)cuUk-it,  und  again  he  wiw  ul>l«  to  give 
niuuntncc  o£  the  |<enii»iM'n«.'  of  our  sj'stcm.  It  i*  true  ttiat  te 
wo*  not  tlii«  lime  aW«  lo  mij-  that  the  cwetilricity  ot  ern-h  [lalh  will 
nmaiu  eooMtunt ;  thif  i>  not  tJic  cm«.  Whut  h«  do«8  assert,  and 
wliiit.  lie  hsfl  ubunduDtly  |hy>v<nI,  ts  thitt  llio  «vceDlrieitj'  of  eatii  orbit 
U'ilt  aIn-uyH  n'lnniit  emiill.  llri'C,  thcu,  we  see  that  the  shape  of 
the  earth'fl  orbit  gradually  mui-IIh  auJ  gradually  contnivta;  the 
length  of  the  tflU[»«  ih  iiivariaMe,  but  sonwIiiueB  it  ajiproacbea 
more  to  a  circle,  and  sometimeit  becomes  mot*  clliptiaJ.  ITieae 
changMi  are  comprised  within  narron-  limits;  so  that,  though  thejr 
may  proliably  corr«epond  with  mcaeiimblc  climatic  changw,  yet 
atill  the  safety  of  the  system  is  not  imjierilled,  as  it  would  be  if  tJw 
eccentricity  could  increase  indefinitely.  Onoe  again  l^gmogc 
applied  iho  resotirces  of  his  calculus  to  study  thv  effect  which 
pcrliirbatioDs  can  have  on  the  inclination  of  the  path  in  which  the 
planet  moves.  Tlie  result  in  this  esse  was  similar  to  that  obtained 
with  respect  to  the  eccentricities.  If  we  commenoe  with  the 
assumption  that  the  mutual  inclination*  of  the  planets  are  small, 
then  Lagmugu's  formiilie  tell  ua  tltat  tbey  must  alnaya  remain 
<mull.  We  are  thuit  finally  led  to  the  conclusion  that  the  planetary 
perturbatjonw  are  unubic  to  threaten  the  stability  of  the  aolar 
system. 

We  Hliall  perhaps  appreciate  the  more  fully  the  imporlBtice  of 
these   memorable   romarches,  if   we  consider   how   easily  matteia 
might  have  licen  otherwise.     Let  us  sujipose  a  systeni  rwcmbling 
ours  in  every  resjiert  save  one.     Let  that  system  have  a  »uji,  ua 
oura  has;  a  system  of  plancU  and  of  satellites  like  ours.     Let  the 
mussea  of  all  the  bodies  in  this  hy|iollM'ti.-«]  system  be  identical 
with  the  masM-s  in  our  system,  and  let  even  the  dii.lanecs  and  tlie 
periodic  times  be  the  same  in  tlte  two  caMs.     |.pi  ull  the  )>lamH  of 
the  orbits  bo  similarly  placed;  and  yet  this  byintheti^l  svstm 
might  Ivave  tlie  feeds  of  de<-By  frYiiii  which  ours  is  eiempl.     There 
is  one  point  in  the  by,H,thctial  sy.lem  wh«I.  we  have  nut  .,,MH(le,| 
In  our  syricin  all  the  pEuiel.  re%«lve  in  the  „«,  rf,>«./.W  .round 
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tli«  ftttii.  Let  us,  in  the  hyjiotlietical  Bystem,  merely  aiipfnee  tliis 
Uw  violated  by  rerersing  one  pknet  on  its  path.  Tliat  elijebt 
cluu^e  alone  will  turn  the  system  into  one  doomed  to  destrootion 
Ity  the  planetary  pcrtuv but  ions.  Here,  tlieu,  we  find  the  elf  lanation 
of  that  romarkahle  fcuture  in  our  eystoin,  the  iiiiiforDiity  of  the 
directions  in  which  the  planets  revolve  around  the  siin.  Had  that 
not  been  the  cnse,  our  system  must,  in  all  probability,  have  perishtn] 
ngea  afio,  and  we  should  not  bo  here  to  discuss  perturbations  or  any 
other  Buhject. 

Great  aa  was  the  success  o£  the  cmin.-nt  French  mathcmatiotan 
who  made  these  beautiful  discoveries,  it  was  left  for  this  cvntury 
to  witness  the  crowiiiii);  triumph  of  iiiathcniati<«l  nnulysix  appltnl 
■  to  the  law  of  gravitation.  The  work  of  Lh^iuii^  bckit  tho  dramatic 
interest  of  the  discovery  made  by  Lo  ^'4^^^ie^  and  Adaimt,  wlitdi 
ffuve  stilt  wider  extent  to  tlic  solur  syKli-m  hy  the  diwovery  ol  tho 
planet  NepluuL-  a'volviiip  far  outside  Uninun. 

We  have  already  alluded  to  Ui«  diltieulticu  which  were  expe- 
rienced when  it  was  sought  to  reconcile  the  early  obscrviitions  of 
Uranus  with  those  made  since  its  discovery.  W'v  have  shown 
that  the  path  in  which  Uranus  revolved  pxperieiieed  cliangv,  anti 
that  eonsequently  Uianus  was  submitted  to  the  actionof  eome other 
force  besides  the  sun's  attraction. 

The  question,  then,  urisett  iw  to  the  niiturc  oF  thcfc  diEtnrbiiif* 
forces.  From  trbat  we  have  iilrcndy  learned  as  to  tlic  mutual  dis- 
lurbin}^  influence  of  one  piniiel  upon  another,  it  seems  natunil  to 
inquirer  whether  the  irrcnuIuriticK  of  Umnus  eoulil  not  be  accounted 
for  by  the  attrudiou  of  the  other  pliinetn.  t'nmus  rcvDlvcs  just 
outaido  8alnrn.  The  niius  of  Satuiii  in  much  lurf^er  than  the  miisa 
of  Untnuif.  Ciiiild  it  not  ho  that  Saturn  dmwe  Uranna  Bsi<l«^, 
and  thus  umncH  tlii>  changes?  This  is  a  question  to  be  dcddet) 
by  the  malhcmaticiim.  lU-  can  compute  what  Sntnm  is  ablo  to 
do,  and  he  IjihIh,  no  dcubt,  that  Saturn  in  ea|iiihlc  of  producinf; 
some  diaplu«cment  of  Umnua.  In  a  fimilar  manner  Ju|>iter,  with 
his  mighty  mawi,  acts  on  Uranna,  and  produces  mme  dtsturbun<-« 
which  the  matliematictan  caloulates.  When  tbow:  calcubltons 
had   bwn   made  for  all  the  known  plaueU  tlwy  wciv  applied   to 
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UranuK,  and  wf  might  expt-ct  to  find  tliiit  Owy  wohIiI  fiillv  ai.'couut 
for  tlif  olmtTwJ  irrt-guWitifS  of  his  puth.  Tlii»  wiw,  howtvcr, 
not  Uic  csw.  ArU'r  every  known  munx  of  dlitlurliitncu  had  bucn 
carefully  uIIdwikI  I'nr,  Untniis  was  Mlill  i>li»wn  to  he  iiilluonccd 
by  some  futlWr  dixUirljitnuo ;  and  lic-nvc  the  «onvlusion  wbe 
CBtublishtrd  thnt  t'ranus  muitt  be  alTeut^d  by  Hamu  unknown 
body.  Wbat  could  this  unknown  body  br,  and  wh«rc  muKl  it 
bo  situtttiMl?  Anul'i^y  wa«  hL're  the  guide  of  those  who  ipecul»tcd 
uii  thi«  matter.  We  know  no  cause  of  disturbance  of  a  plunet'* 
motion  exocpt  it  be  the  attraction  of  another  ]>laaet.  Could  it 
then  be  that  ['lanus  was  really  attracted  by  some  other  planet  at 
that  time  utterly  unknown?  This  8U<rs^tion  was  made  by  nisuy 
a3tln>iiomers,  and  it  was  easy  to  see  some  of  the  wnditions  which 
the  unknown  body  should  fulKI,  Us  orbit  must,  in  the  first  place, 
lie  outside  the  orbit  of  Uranus.  This  seemed  obvious,  bemuse  the 
unknown  planet  must  be  a  Inr^  and  massive  one  to  prixluce  the 
observed  disturbances.  If,  therefore,  it  were  nearer  than  Uranus, 
it  would  be  a  conspicuous  object,  and  must  have  been  discovered 
lonjf  n^o.  Other  reasonings  were  also  available  to  show,  without 
doubt,  that  if  the  dixturlrauees  of  Uranus  were  caused  by  the  altrac- 
tiou  of  a  planet,  tluit  jiluiiet  must  revolve  outside  Uranus.  The 
gem^rul  utmltigies  of  thu  planetary  syatem  mi^^ht  also  be  invoked  in 
Bii]i]H>rt  of  tbc  hy|H)the!iis  thjt  the  path  of  the  unknown  planet, 
thi<u>;h  really  elliptic,  did  not  differ  very  widely  from  a  circle,  and 
that  the  plane  in  which  it  moved  must  also  be  nearly  coincident  witlt 
the  plane  of  the  earth's  orbit. 

The  sole  data  available  for  the  dtseovery  of  the  planet  were  the 
mtrasured  deviations  of  Uranus  at  tJio  different  points  of  its  orUt. 
We  liave,  as  it  were,  to  tit  the  orbit  of  the  unknown  planet,  as  well 
as  the  mass  of  that  pUuiet  itself,  in  such  a  way  as  to  account  for 
the  various  pertnrhations.  L«t  us,  for  instance,  assume  a  certain 
diataiHie  for  the  brpotbetieal  body,  and  try  whether  we  can  a8si<'n 
aa  orbit  and  *  mass  for  the  planet,  with  that  distance,  which  fIuII 
account  for  the  perturbations.  The  distance  is  jierhaps  too  Kreal. 
We  try  aKain  with  a  lesser  distance.  We  can  now  represent  the 
obecrvatiuna  with  greater  accuracy.     A  thinl  attempt  will  give  tht 
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resalt  closer  still,  until  at  lengtli  the  (listance  of  the  udIcdowd 
I  planet  is  determined.     In  a  similar  way  the  weight  of  the  hoiy  can 

l_  be  also  determined.     We  assume  a  weight,  and  calculate  all  the 

':  perturbations.    If  the  results  seem  greater  than  those  obtained  by 

'  obseirations,  then  the  assumed  weight  is  too' great.    We  amend  the 

^  assamption,  and  recompute  with  a  lesser  weight,  and  so  on  until 

at  length  we  obtain  a  mass  for  the  planet  which  harmonises  with 
i-  the  results  of  actual  measurement.     The   other   elements  of  the 

~  unknown  orbit — its  eccentricity  and  the  position  of  its  axis — are 

1  all  to  be  determined  in  a  similar  manner.     At  length  it  appeare<l 

that  the  perturbations  of  Uranus  could  be  completely  explained  if 
the  unknown  planet  bad  a  certain  definite  mass,  and  moved  in 
an  orbit  which  bad  a  certain  definite  position,  while  it  was  also 
manifest  that  no  other  orbit  or  greatly  different  mats  would  explain 
the  obeerred  facts. 

Theae  very  remarkable  computations  were  undertaken  quite 
ind^Kndently  by  two  astronomers — one  in  England  and  one  in 
France.  Each  of  them  attacked,  and  each  of  tliem  succeeded  in 
solving,  the  great  problem.  The  scientific  men  of  England  and  the 
scientific  men  of  France  joined  iseae  on  the  qucEtiou  as  to  the 
claims  of  their  respective  champions  to  the  great  discovery ;  but 
in  the  forty  years  which  have  elapsed  since  these  memorable 
researches  the  question  has  gradually  become  scttlMl.  It  is  the 
impartial  verdict  of  the  scientific  world  outside  England  and 
France,  that  the  merits  of  this  splendid  triumph  of  science  must  be 
divided  equally  between  this  present  distinguished  Professor  J.  C- 
Adams,  of  Cambridge,  and  the  late  U,  J.  J.  Le  Verrier,  the  director 
of  the  Paris  Observatory. 

Shortly  after  Mr,  Adams  bad  taken  his  degree  at  Cambridge, 
in  1843,  when  be  obtained  the  distinction  of  Senior  Wrangler,  be 
turned  his  attention  to  the  perturbations  of  Uranus,  and,  guided  by 
these  perturbations  alone,  commenced  his  search  for  the  unknown 
planet.  Long  and  arduous  was  the  inquiry — demanding  an 
enormous  amount  of  arithmetical  calculation,  no  less  than  con- 
summate mathematica]  resource }  but  gradually  Mr.  Adams  over- 
came the  difficulties.     Gradually,  as  the  subject  developed,  he  saw 
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,._ portiirbations  of  Uraniis  could  be  fully  explainwl  by  the 

existence  of  an  exterior  planet,  and  nt  leofftb  he  had  aw-.-rtuined, 
not  alone  the  orbit  of  IhU  exterior  pknet.  but  he  waa  ev«Ti  able  to 
indirate  the  part  of  the  heavens  m  which  this  planet  «-a*  ptaeed. 
With  hi«  reBearcbi^s  in  tbis  advaOL-ed  condition,  Sir.  Admns,  m 
October  of  1845,  called  on  the  Astronomer- Hoyal.  Sir  George  Airy, 
at  Greenwich,  and  placed  in  his  hnnd«  the  computation*  xvliich 
indicaU-<l  with  marvelloHs  mciiracy  the  p!«c«  of  the  wnlcnown 
planet  It  thus  apiHiars  that  seven  months  before  any  one  else  had 
solved  this  problem  Mr.  Adam,,  bad  effected  the  solution,  and  bad 
actually  located  the  planet  in  a  position  b.it  little  more  tlian  a 
degree  distant  from  the  spot  which  it  is  now  known  to  have  oc- 
cupied. All  that  wM  wanted  to  complete  the  achievement,  and  to 
gain  for  Professor  Adama  and  for  Knglish  science  the  undivided 
glory  of  this  discovery,  was  a  strict  telencopic  search  of  the  heavens 
in  the  neighbourhood  indicated. 

Why,  it  maybe  said,  wits  not  such  animjniry  instituted  atonoo? 
No  doubt  it  would  have  been  done  at  onco,  if  the  observutories  forty 
years  ago  hiul  been  furnished  generally  with  those  elaborate  star, 
charts  which  are  now  aniilnble.  In  the  absence  of  such  chnrte  (and 
it  does  not  seem  that  any  En^liMli  aelronomcm  then  p<isiics«ed  tbein) 
the  teorch  for  the  planet  was  a  most  lalrarious  mutter.  It  bad 
been  sugg«tted  that  it  could  be  detected  by  its  possessing  a  visible 
di»c;  but  it  must  be  rcmi>mbGred  tliat  even  irranuM,  »o  much  closer 
to  na,  had  a  disc  so  small  that  it  wax  observed  nearly  a  score  of  times 
wiUioiil  particular  notice,  though  it  did  not  escape  the  cagte  glance 
of  Hcnjrhol.  There  then  remained  only  one  available  methnd  of 
finding  Neptune.  It  ww  to  construct  a  eliart  of  the  heavens  in  the 
neighbourhood  indicated,  and  tlien  to  compare  this  chart  night 
after  night  with  the  ittaw  in  the  heavens.  Before  recommending 
the  oommencement  of  a  Uliour  so  onerous,  the  Astronomer-Boral 
thought  it  right  to  submit  Mr.  Adama"*  nsearche*  to  a  cnicial 
preliminary  tc»t.  Mr.  Adums  had  shown  how  his  theory  rendered 
exact  account  of  the  p«TliirUition8  of  Uranus  in  longitude.  Tho 
AstronoBBor-Royal  askeil  Mr,  Adama  whether  bis  theory  would 
gire  an  eqnally  olear  explanation  oE  the  notable  variations  in  the 
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durtance  of  Uranus.  There  can  bi;  no  doubt  Uiat  bi>  theory  w<.>ubl 
render  a  sutisroctory  account  of  thote  variations  oltKtj  but,  nn- 
fortunatel}-,  Mr.  AdnmH  goeinN  not  to  bnv«  thougbt  thi:  mattvr  of 
mflicicnt  imjidrtanpc  to  give  tlic  Aetronomcr-Rnjal  any  ppuedy 
reply,  and  henoo  it  ha|>pcn<.i]  tliat  no  loM  than  nine  monlbs  clapeed 
between  tbc  time  wht-n  Mr.  Adnmi  Rrat  communicated  his  results 
to  tbe  Astronomer- K'lyu),  and  tbe  time  when  tbe  telescopic  Marcb 
for  the  plnnct  »va»  nyntemalicnUy  commenced.  I'p  to  thin  time  also 
no  ucconnt  of  Mr.  Adams's  rescarclics  bud  been  published.  His 
labours  were  known  to  bnt  few  besides  tbe  AtFtTonomeT-Ro)'al  and 
Professor  Challis  of  Cnmbriil tf e,  to  whom  tbe  duty  of  making 
the  search  was  afterwards  entrusted. 

In  tbe  meantime  tbe  f^>at  French  muthematieiaii  and  astronomer 
Le  Vcrrier  had  bad  hii;  attention  HjH-cially  invited  by  Arago  to  the 
[irolilem  of  tbe  perturbiitioiis  of  (.'ranuK.  VVitb  tbe  most  exbaiisHve 
.iniilvKis  he  investigsited  every  i>ofisible  known  source  of  disturUince, 
The  int1iienee«  of  tbe  older  planets  were  estimated  with  tlie  most 
elaborate  detail,  bntonly  to  eoiilirm  llie  conclusion  already  arrived  at 
as  to  their  inadequacy  to  account  for  the  perturbations.  Le  Verrier 
thsn,  in  complete  ignoianco  of  the  lalxmrs  of  Adams,  oommem-eit 
the  search  for  the  unknown  planet  by  tbe  aid  of  matlieniatical 
investii^ation.  On  the  tut  of  June,  1S4ff,  Le  Venier's  molla 
apj-carod;  and  then  the  Antronomer- Royal  perceived  that  tbe 
results  oblaincd  by  bim  coincided  pmetically  with  tliofe  of  Adama, 
insomuch  that  the  places  assigned  to  llie  unknown  planet  by  the 
two  aftronomcrx  were  not  more  than  a  degree  aitart !  This  was, 
indeed,  a  mowt  remarkable  reault.  Here  was  a  ]>lanet  unknown  to 
human  sight,  yet  felt,  a^  it  wi^re,  by  DQathemutieiil  analyst*  with  a 
certainty  so  great  that  two  aetronomers,  each  in  absolute  ignoranc 
of  the  olber'a  labours,  actually  concurred  in  locating  the  planet  in 
filmngit  the  same  spot  of  the  heavens.  The  existence  of  the  planet 
wiiu  thuB  raised  nearly  to  a  certainty,  and  it  was  incumbent  on 
I>Tiictical  astronomers  at  once  to  commence  the  searvb.  In  June, 
1  S4ti,  the  Astronomer- Royal  announced  to  tbe  viaitors  at  Greenwich 
Observatory  tbe  close  coincidence  between  the  ealctilatitins  of 
Le  Verrier  and  cf   Adams,  and  he  urged  the  ini))ort4inoe  oC   thu 
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proposal  tliat  n  searcli  slioiUd  be  at  once  conimenoeil.  Profi-ufwr 
Ckullis,  having  the  c<>mmand  o£  the  ^rcat  Northumberland 
equatorial  tclu«copc  nt  Cambridge,  was  induced  to  undertake  Uie 
work,  and  on  the  2i<th  of  July,  1^46,  he  Iw^an  hin  lubourK. 

Th(>  plan  of  Hoarrh  adopted  by  Profesaor  Challia  wua  an  onerous 
one.  Hi:  firitt  took  the  theoretical  place  of  the  planet,  as  ^veu  by 
Mr.  Adamf,  and  after  allowing:  >  mar^riQ  for  the  necewary  un- 
oertainticB  of  a  ralrulatiun  so  recondite,  he  marked  out  a  certain 
region  of  the  heavens,  near  the  ecliptic,  ia  which  it  might  le 
anticipated  that  the  unknown  planet  must  be  found.  He  then 
determined  to  obserre  all  the  stars  in  tfai«  reffjon  aad  measure 
their  relative  distances.  \Vhen  this  work  was  oitce  done  it  was  to 
he  repeated  a  second  time.  His  scheme  even  contemplated  a  third 
complete  set  of  measures  of  all  the  stars  contained  within  ihitt 
limited  re^cn.  There  can  be  no  doubt  that  this  process  would 
determine  the  planet  if  it  should  be  bright  enou^rh  to  come  within 
the  limits  of  stellar  magnitude  which  Professor  Chat  I  is  adopted.  The 
planet  would  be  detected  by  its  motion  relatively  to  the  stiirs,  when 
the  thr«e  Kitics  of  mcnsurcM  <!ame  to  be  compared  tojfellier.  The 
scheme  wiu  oi^snieed  so  thoroughly  that  it  mutit  havn  led  to  thi: 
discovery  of  the  planet — in  fact  it  afterwards  appeared  that  Pro- 
feutor  Challiit  actually  did  obscrvo  the  planet  more  than  once,  and 
the  subsequent  compariiun  of  its  ptuees  must  infallibly  have  M  to 
itJi  detection. 

In  the  meantime  Lc  Verrier  wan  maturing  his  no  lem  elnhonite 
investigations  in  the  same  direction,  lie  felt  conlident  of  th« 
existence  of  the  planet,  and  he  even  went  so  far  as  to  )>rwlict 
not  only  the  p!a<'e  of  the  planet  but  its  actual  apjtcarance.  He 
thought  the  planet  would  be  large  enough  (though  still  of  courw 
only  ft  telescopic  object]  to  be  distinguished  from  the  stars  by  the 
possession  of  a  disc.  Thcfe  definite  predictions  Btrcngthencil  tJie 
belief  that  we  were  on  the  verge  of  another  great  discotery  in  the 
solar  system,  so  much  «o  that  when  Sir  John  Herschel  addressed 
the  British  Association  on  the  lOth  of  September,  1IJ46,  he  intro- 
duced the  following  words: — "The  post  year  has  given  to  us  th«' 
new  planet  Astrtea — it  has  done  more^  it  has  given  us  the  probable 
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pTospcct  of  another.  We  see  it  aa  Colttmbus  saw  America  from 
the  shores  of  Spain.  Its  movements  have  been  felt  tretnblio;; 
aioiig  the  far-reaching  line  of  our  analj-sis,  with  a  certainty  hardly 
inferior  to  ocular  demoHBtrntion." 

The  time  of  llie  discovery  was  now  rapidly  approuohin^.  On 
the  IHth  of  September,  ISlC,  he  \''enier  wrote  to  the  aslronomers  of 
the  Berlin  ObBervatorj'  describinjr  precisely  the  place  of  the  planet 
as  indicated  by  his  calculations,  and  askin<^  their  aid  in  making 
its  telescopic  discovery,  The  request  thus  preferred  waa  eimtlar 
to  that  made  on  behalf  of  Adams  to  Professor  Clwllia.  lk>th  at 
Berlin  and  at  Cambrid;^  the  telescopic  research  was  to  be  miulc  in 
the  same  re^on  of  the  heavens.  The  Berlin  aslTonftmers  wvre, 
however,  most  furtunatcly  possessed  of  an  invaluable  aid  Ut  the 
research  which  was  not,  at  the  time,  in  the  hand*  of  Profoasor 
Chullis.  Wc  have  mentioned  how  the  search  for  a  teWeopie  planet 
can  be  enormously  facililatcd  by  the  »»«  of  a  eurefwlly-cx *.•<_•  u ted 
chart  of  the  stum.  In  fact  a  mere  comjuinKun  uf  tJiu  cluirt  with  the 
sky  is  all  tliiit  is  uttessnry.  It  hupponcd  that  the  preparation  of  a 
series  of  star  charts  had  been  undertaken  by  tliu  Berlin  Academy  (>f 
Sciences  some  years  previously.  On  these  clinrta  the  place  of  every 
star,  down  even  to  the  tenth  ma^itnde,  was  faithfully  engraved. 
This  work  was  one  of  very  great  utility,  but  its  orij^natora  cotild 
hardly  have  anticipiiled  the  brilliant  discovery  which  would  artan 
from  their  hercuknn  labours.  It  »as  only  {rassiblc  to  six'omplidh 
auch  a  vast  piece  of  surveying  work  by  instalments,  and  accordingly 
sheet  by  sheet,  as  the  chart  was  completed,  it  issncil  fmm  the  pnjs 
It  linppciieil  that  before  the  news  of  Lc  Vcrrier's  laboure  reached^ 
Berlin  the  chart  uf  that  part  uf  the  heavens  had  bc<en  engiavi-d  and 
printrd,  althouffb  not  actually  published. 

It  was  on  the  23rd  of  September  that  IjC  Verrier'a  letter' 
reached  the  Berlin  astronomers.  The  sky  that  niglit  waa  cli*&r, 
and  we  can  easily  understand  with  what  anxiety  Pr.  (JKlIe 
directed  hi«  t^ilescopc  to  the  Imvens.  The  inslrunient  was 
pointed  in  orcordanec  with  Le  VerrirrV  I nitt ruction*.  Tlie  field 
of  view  showed,  as  tloes  every  part  of  the  heaveiw,  a  multitude  o( 
atarrt.    One  of  these  was  really  the  plunct.     The  dcw  diart  ws 
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unrolled,  and,  titur  by  stur,  the  li«nvena  w«re  compared  with  tbp 
churt.  Ab  th«  [>ro(;e«8  ot  identification  w«nt  on,  on«  object  after 
another  was  found  in  the  heavens  as  en^rraTed  on  the  chart,  and 
was  of  course  rejected.  At  length  a  star  of  the  eighth  magnitude 
— a  brilliitnt  ot>ject — was  bponght  int«  review.  The  map  waa 
examined,  but  there  was  no  star  there.  This  object  conld  not  have 
Ixren  in  ita  present  place  when  the  map  was  formed.  The  object 
was  therefore  a  wanderer — a  planet.  Yet  it  is  neoesaary  to  be 
Ficcssively  cautious  in  such  a  matter.  Many  poKibtlitics  had  to 
be  f*uarded  a^iiist.  It  was,  for  instance,  possible  that  the  object 
was  really  a  star  which,  by  some  mischance,  eluded  the  careful  ey« 
of  the  astronomer  who  constructed  the  map.  It  was  even  poeeibln 
tliiit  the  star  might  be  one  of  the  larf>e  class  of  variables  which 
alternate  in  brightness,  and  it  might  have  been  conceintble  that  it 
wns  too  faint  to  be  seen  when  the  chart  was  miulo.  Kvcn  if  neither 
of  the»c  explanations  would  answer,  it  was  i>till  necessary  to  show 
that  the  object  wa«  now  moving,  nn<l  moving  with  that  jurtiiiihir 
velocity  and  in  that  particular  dirvction  which  Uie  theory  of 
Lc  Vcrrier  indicated.  The  lapse  of  a  single  d.iy  wns  suflivient  to 
dissipate  aJl doubts.  The  next  night  thcobjiTtwas  again  observed. 
It  had  moved,  and  when  its  motion  was  mcavurcd  it  was  found  to 
lUMXird  precisely  with  what  Le  Vcrrier  had  foretold.  Ind«cd,  as 
if  no  circumstance  in  the  conRrmation  should  bo  wanting,  it  was 
ascvrtnincd  that  the  diameter  of  the  planH,  aa  measured  by  the 
micrometvrs  at  B«rlin,  wns  praetivully  coincident  with  that  antici- 
pated bjr  Le  Verricr. 

The  world  ■[wedily  rung  with  the  newt  of  this  sptendid 
achievement.  Instantly  the  name  of  Ia^  Verrter  rose  to  a  pinnacle 
hardly  siirposaefl  by  that  of  any  astronomer  of  any  age  or  country. 
The  whole  circiimslnnccs  of  the  diwoovery  were  most  dramatic  in 
their  character.  We  pictnre  tootinelves  the  great  astronomer  burinl 
in  profound  meditation  for  many  months ;  hia  eyes  are  bent,  not  on 
the  stare,  but  on  his  <nleu1ation*  and  hia  formulie.  No  telescope 
is  in  his  hand ;  it  is  the  human  intellect  which  is  the  instmment  he 
alone  uses.  Witli  patient  labour,  guided  by  the  most  consummate 
mathematical  artiiio;,  he  mauipulatea  his  columna  of  fi^urua.     He 
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attempts  one  Mlntion  iift«r  nnothor.  In  etich  be  trama  aome- 
thing  to  nroid ;  by  vucJi  ho  olitaiiM  aumv  li^ht  lo  f^iidu  liim  in  bi* 
rutiiro  lalmunt.  At  li>n^h  Iitt  1x]gin»  to  «or  hnnnony  in  thotw 
i^KulU  wlii'pe  Wore  thcru  vrtw  but  dinoonl.  Omdunlly  tlie  oloudi 
(lixjH^ne,  iin<I  he  xum  with  a  cttrtuinly  littk  sliort  of  aotuul  viitioii 
th«  planet  glittering  in  tlie  fur  dejitliit  of  upaoo.  Hv  ritt*  from  hi* 
doik  and  invokea  the  aid  of  a  jiractical  utroiiomur,  and  )o  I  tbvn 
ia  the  planet  iu  the  indicated  iifot.  The  annals  of  Ncioncu  prcM^nt 
iK>  auvh  acbieven»«ut  aa  tht.i.  It  was  tbt:  moH  trininphant  proof 
of  the  law  of  universal  gravitation.  The  Newtonian  theory  hmA 
indeed  long  ere  this  attained  an  imprognublc  [mKition;  but,  na  if 
to  plaoe  ita  truth  in  the  uost  dazzling  and  eotispieuoua  light,  tliia 
diacovery  of  Neptune  Wft§  accompli  shed. 

For  a  moment  it  eccmed  as  if  the  Frenoli  nation  were  to  enjoy 
the  undivided  honour  of  this  splendid  triumph;  nor  would  it,  indeed, 
have  been  untittini*  that  the  ntition  which  gave  birth  to  Lognngti 
and  to  Laplace,  and  which  deve]o|tcd  the  great  Newtonian  theory 
by  their  inimortul  labours,  should  have  obtained  this  distinction. 
Up  to  the  time  of  the  t«lesoopic  disiiovery  of  the  planet  by  iJr- 
Oalle  at  Berlin,  no  public  announcement  had  been  made  of  thu 
laboura  of  ChBllls  in  scarehing  for  the  planet,  or  even  of  the 
theoretical  researches  of  Adams  on  which  those  observations  w«ra 
based.  But  in  thu  midst  of  the  ptenns  of  triumph  with  which  the 
enthusiastic  I''^^nl.-h  nation  hailed  thu  discovery  of  Le  ^'crrti-r,  tlierv 
appeared  a  letter  from  Sir  J»hn  Ilerschel  in  the  AHumanm  tor 
8rd  October,  1  SIC,  in  which  he  Hnnouncol  thu  researches  niailv  by 
Adams,  and  chuniiKl  for  tiin]  a  parti ci]>at  ion  in  Uie  glory  of  the 
discovery.  Subsvijurnt  imjuiry  hiut  shown  that  this  claim  wms  a 
just  one,  and  it  ia  now  univenuilly  admitted  by  all  indeiiemlMit 
authorities.  Yet  it  will  mwly  be  imagiiuMl  tliut  tJio  tVonch 
savants,  jealoua  of  tlie  fume  of  tliinr  countryman,  oould  not  at  finl 
be  brought  to  recognise  a  claim  ao  ]jut  forwonl.  They  wen  asked 
to  divide  the  unparalleled  honour  between  their  own  illuatrioaa 
wunt^man  and  a  young  foreigner  of  whom  but  few  had  uver 
heard,  and  who  hud  not  even  published  a  line  of  hia  work  or  liad 
any  claim  of  his  put  forward  until  after  the  whole  work  had  bucn 
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completely  finished  by  L?  Verricr.  The  demand  made  on  tH-'hnlf 
of  Adflme  was  accordingly  resented  by  the  French  nation;  and  a 
Nomvwhat  embittered  (-ontrovi-ray  lurase  on  the  matter,  but  point 
by  [mint  the  £n<;liHh  astronumers  Biicieeedi'd  in  establishing 
the  c'luim  of  their  cotintr\'m«n.  It  was  true  that  Adams  had 
not  piiblitthcd  his  n.-softrchM  to  the  vrorUl,  but  be  had  («in- 
muiiicatnl  them  to  tho  AittroDomor- Royal,  the  official  head  of 
astronomy  in  this  conntry.  Tliey  were  also  well  known  to  I'ro- 
feasor  Cliallis,  the  t*rofc«sor  of  Astronomy  nt  Cambridge.  Then, 
too,  when  the  work  of  Adams  was  e3camiD«>d,  it  was  found  to  be 
<iail«  as  thon>u;,'h  and  <[uit«  as  fiiicoe«*fHl  as  that  of  Le  Vemer.  It 
was  also  found  that  the  method  of  search  adopted  by  Professor 
Challis  not  only  must  have  been  eventually  sucomsful,  but  that  it 
actually  was  in  a  sense  nlreody  succes&fnl.  When  the  telesoopio 
discovery  of  the  pIiinH  bud  been  achieved,  Challi*  turned  natumlly 
to  see  whether  be  luid  olxcerved  the  planet  or  not.  It  v/m  on  the 
1st  OctiibtT  that  he  Iteiird  i>(  the  sunwiw  of  l>r.  (jiille,  and  by  that 
time  Cha!lis  bod  aceumulat«d  oliservutions  in  connection  with  this 
rcM'arL-h  of  no  fvwer  than  S,\f>Q  Ann.  Among  thrni  hu  speedily 
found  that  an  object  olwcrve<)  on  the  l£th  of  Attj^ust  was  not  in 
the  same  place  on  the  SOth  of  July.  This  was  really  the  planet ; 
and  its  diaoorery  would  thus  have  been  assured  when  Challis 
had  Iind  time  to  eomjiaTie  his  m(:ti8uremi.-ntii.  In  fatrt,  if  he  had 
only  diacuKsed  bis  observations  at  once,  there  cannot  lic  much 
doubt  tliat  the  entire  glory  of  the  discovery  would  have  bern 
awardeii  to  Adams,  He  would  then  have  been  Brat,  no  less  in  the 
theoretical  calculations  than  in  the  optical  dinoven-  of  tl>e  pUnet. 
It  may  also  be  remarked  that  in  another  waydultis  very  narrowly 
missed  making  the  te]en<opio  discovery  of  Neptune,  la  his 
paper,  Le  Verrier  had  pointed  out  the  possibilily  of  detecting 
tlie  planet  by  its  disc.  Challis  made  the  attempt,  and  before  the 
intel1i|{ence  of  the  a«.-tual  discovery  nt  Ik-rliu  had  reached  him,  be 
hail  miule  an  examination  of  the  reigion  indicsted  by  Le  Verrier. 
About  3UU  stars  passed  through  the  Getd  of  view,  and  among 
them  he  M>lectcd  one  on  account  of  its  disc;  it  aft«nrarda  ap- 
peared that  thia  was  indsed  the  plaaet. 
T  t 
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Kven  if  lli«  r'scotcIk-i;  of  Le  V«rrier  iinii  of  Adams  had  ne« 
htta  umlcrtttkcn  it  \»  cortain  timt  the  dittaut  N«^ptiine  must 
Home  lime  dwovrrwl ;  yvt  Hint  tlincovery  might  linvc  been  made] 
in  n  iimntiiM'  whiph  rvcr)-  tnio  lover  of  ncioDoe  would  now  deplore. 
We  hear  ctmKlanLly   "f   the   di*.ijvery   of  minor  ])lan<!ts,  yet    no 
one  attoclic-tt  to    niich  achlrrvcmciitit  n  friurtion  of  the  coiisequenoej 
Wlonging  to  the  discovery  of  NepUine.     The  danger  to  be  feared! 
by  delay  wa«,  that  Nc[itiiin*  slioulil  have  Ixwn  di!«!'>vore<!  l>y  simple 
survey  work,  JuKt  ruf  Udiiiuh  wuk  dixtovirrcd)  or  juiit  »a  the  boats 
of  minor  planets  are  now   found.     In    thU   case  tlie  science  o( 
Theoretical  AHtronomy,  the  great  ociciice  founded  by  Newton,  andi 
raised  to  a  marvellotisiy  inlerewting  and  beautiful  eystem  by   tbe 
labours  of  La^^rangv  and  Ijaploce,  would  have  been  deprived  o£  its 
most  brilliant  illustration. 

Neptune  had,  iu  fsw^t,  a  very  narrow  escape  on  at  lca«t  one"' 
previous  occasion  of  beinif  discovered  in  a  very  simple  way.     Thia 
was  shown  when  sulBcicnt  observations  had  been  obtained  to  enalik* 
the  path  of  the  jilnnet  to  be  caleulated.     It  was  then  possible  to 
trace  bacic  the  raovements  of  the  planet  among  the  stars  and  tliua^ 
to  institute  a  seanJi  in  the  catalugrues  of  earlier  astronomers  to  mm' 
whether  they  contained  any  record  of  Neptune,    It  was  soon  found 
that  the  place  of  the  planet  on  May  Iflth,  17^S,  must  have  coin-] 
cidcl  with  the  place  of  a  star  ret-orded  on  that  day  in  the  "  Ilistoire 
Celeste"  of  Lalande.     It  furthitr  apjKarctl  by  actual  examination 
of   the   heavens   that   there  was   no  star  in   the  place  indicated 
by  Lalande,  so   tlie  fact  that  this  waa  really  an  obscr^'ation    o( 
Neptune  Wiut   )i1uoed   quite  beyond  dotibl.     When   ntference  U'uigt 
made  to  thi-  original  nbservation*  of  Lalunde  a  matter  of  the  wry 
greatest  interest  was  brought  to  light.     It  was  there  found  that  haj 
had  observed  the  same  «tar  (for  so  he  regarded  it)  botli  on  Mnyj 
8th  and  on  May  10th  ;  on  each  day  he  hiul  determined  its  position, 
and  both  are  duly  rec<>rde<l.     But  when  he  came  to  prepare  hia 
catalogue  and  foun<l  that  the  places  on  the  two  occasions  wercUtf- 
ferent,  he  diseanled  the  earlier  result,  and  merely  printed  the  littor,  ] 
Had  Lalande  but  had  the  courage  to  believe  implicitly  in  his  own 
obeervat4on8,  an  immortal  diaoovcry  lay  in  his  grasp;  had  he  man- 
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fully  tiui],  "I  vnm  right  on  the  10th  of  May  nnd  1  was  rif^ht  on  the 
Hth  of  May ;  I  made  uu  midakt-  on  eithor  occasion,  and  the  objeet 
1  Miw  Dti  the  8lh  inuKt  Uiivc  moved  botwecn  that  and  the  lOtb," 
thon  he  must  without  fail  havo  found  Neptune.  But  had  lie  done 
nil,  how  grvut  would  have  hi'c>n  Ihtr  Idm  to  Bciunw  I  Thi'  diwiovery 
of  Nqitunc  would  lln-ii  merely  have  Uvn  an  iiccitU-iituI  n-ward  to 
u  laborioua  worker,  intlcad  of  being  one  of  the  movt  glorious 
uchicvementa  in  the  lofti<-Ht  dejiartment  of  human  rciwon. 

\Vith  ihi'  ronL'lunion  of  the  brief  fketirh  hfre  givi^n  of  the 
discovery  of  Nejitune,  we  nearly  conclude  all  tliat  can  be  narrated 
of  this  planet.  If  we  foil  to  aee  in  Uninua  any  of  those  fcatun-a 
whifh  make  Mars  or  Venuit,  Jupiter  or  Saturn  such  attractive 
tclcscojiio  objects,  what  can  we  expect  to  iind  in  Neptune,  which 
is  half  as  far  again  as  Uranus?  With  a  good  telescope  and  a  suit- 
able maf^ifying  power  we  can  see  that  Neptune  has  a  disc,  but  no 
featares  on  that  diao  can  be  identified.  Vi'e  are  consequently  not 
in  a  position  to  ascertain  the  period  in  which  Neptune  rotates 
around  its  axis,  though  from  the  general  analogy  of  the  system 
we  must  feel  assured  that  it  really  does  rotate.  More  sucvessful 
have  been  the  attempts'to  measure  the  diameter  of  Neptune,  whieli 
is  found  to  be  nearly  35,UUU  miles,  or  more  than  four  times  tin- 
diameter  of  the  earth.  It  would  also  seem  that,  like  Jupiter  and 
like  Saturn,  the  planet  must  be  enfeloped  with  a  X'ast  cloud  liulen 
atmosphere,  for  the  density  of  the  globe  is  only  about  one-fiftli 
that  of  the  earlh.  This  great  globe  revolves  around  the  *uii  at  u 
mean  distance  of  no  loss  than  2,780  millions  of  miles,  Iniing  about 
thirty  times  as  gn-at  as  tJiu  mean  distanee  fn>ni  the  earth  to  the 
Bun.  The  journey,  though  accomplished  at  a  rnU;  of  more  tluin 
thmt  miles  a  scMmd,  is  yet  so  long  that  Neptune  mjuires  almont 
155  years  to  complete  one  rvvolutiim.  Since  ita  discovery,  some 
forty  ymn  ago,  Ni>]>t.unc  has  niovi-d  otdy  through  about  one  quarter 
of  it*  patli,  and  even  sinc«  the  time  it  xvas  tirst  caeually  seen  by 
Lalonde,  in  1 795,  it  tios  only  hod  (itne  to  traverse  half  of  its  mighty 
circuit. 

Neptune,  tike  our  earth,  is  ultended  by  ft  aingle  satellitxi  i  Uiis 
dvhcate  object  woa  discovered   by  &[r.  laaatll  with   his  wloesul 
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reAeetin^  tfleiwope  Klmrlly  aft*r  tbe  planet  itself  was  known.  Tlie 
satellite  it^rfiiruift  itsi  jmirney  around  Neptune  in  a  period  o£  but 
little  less  tbaii  six  daj^a.  By  observing  the  motions  of  thv  Mtullile 
we  are  enabled  to  determine  tbe  maes  of  tlie  pinnct,  and  thtiB  it 
appears  that  Neptune  is  about  one  tw-enty-tbousandth  part  oi  tbe 
weiffht  of  Die  sun. 

Our  review   of  the  planetary   iiyatem   closeB   when    we    have 
arrived  at  Neptune;  whether  any  planets  revolve  around  the  ana 
in  orbits  beyond  Neptune  it   is  impomible  to  say.     All  we  tsn 
assert  is  that  no  such  planets   have  been  seen,  nor  is   th«re  at 
present  any  j^ood  g:round  for  be]ievinfi>  in  tbeir  existcneo.     The 
negative  evidt^nce  on  tbe  (|neBtiou  ie  indeed  very  sUong.     W'v  have 
in   our  chapter  on  the  minor  pkncts  entered  inlj)  a  full  diitvnissioQ 
«f  the  way  in  which  tbeie  objects  are  discovered.     It  i«  by  minute 
and  diti^nt  comparison  of  tbe  heavens  with  elaborate  star  cliarts 
tliat   these   planets   arc   found.      But  these    intpiirieit   would     be 
i-qually  elBcaclons  in  seivrcbing:  for  a  trnns- Neptunian  planet ;    in 
fact,  we  could  desi^  no  better  method  to  hunt  for  a  trans- Kept  nniau 
planet  than  that  which  is  at  this  moment  in  constiint  pm«tice  at 
many  observatories.     The  labours   of  thiiso  who  search  for  itaiall 
planets  have  Ijecn  abundantly  rewafk'd  by  discoveries  now  oouiited 
liy  hundnils.     Yet  it  is  a   most  noteworthy  fai-t  tbut  all   these 
planclM   are   limited   to  one   retr'on   of   tbe   solar  «y»li>m.     It  la 
upitToximatety  true  to  »iy  that  all  tboir  orbits  arc  inchidc<l  hetwr«ii 
those  of  Jupiter  and  of  Mars.     In  one  or  two  cases  the  orbits  jast 
reach  beyond  the  path  of  Jupiter  on  theonehand,  or  iniiidc  the  ])utli 
of  Mnric  on  the  other ;  but  never  has  a  planet  IxTn  found  in  tbia  way 
wbieb  |;oes  out  even  iis  tar  aa  Sntum,  and,  of  courcc,  nlill  loa  hax 
any  trons-Ncptunian  object  been  found.     It  has  sometimes  been 
eoQJecturtd  (hat  time  may  disclose  perturbations  in  the  orbit  of 
Neptune,  and  tbiit  these  perturbations  may  lead  to  the  diioovwy 
of  a  plnni't  still  further,  even  though  that  planet  bo  so  remote 
and  to  faint  tbut  it  actually  chides  telescopic  research.     At  pmant, 
however,  and  f-ir  generations  to  come,  siieh  an  inquiry  will  hanlly  be 
within  the  range  of  practical  astronomy.    Ne]>tune  has  not  yet  done 
more  than  travel  tbrou];h  a  4uarter  of  it«  patli  siiM*  it  was  found 
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by  Le  Verrier  and  AdaniB.  Its  moveinetits  since  then  have  do  doabt 
been  studied  minutely,  bnt  it  muBt  at  least  describe  one  whole 
revolution  before  it  would  be  feasible  to  coustnict  from  any  per- 
turbatiuDs  of  its  path  the  orbit  of  an  unknown  and  still  more 
remote  planet. 

"U'e  have  thus  seen  the  planetary  systeni  to  be  bounded  on  one 
side  by  Mercury  and  on  the  other  by  Neptune.  The  discovery  of 
Mercury  was  in  itself  a  brilliant  achievement  of  prehietoric  times. 
The  early  astronomer  who  accomplished  that  feat,  when  devoid  of 
instrumental  assistance  and  unsupported  by  accurate  theoretical 
knowledge,  meritn  our  hearty  admiration  for  bis  untutored  acute- 
nesB  and  penetration.  On  tlie  other  hand,  the  discovery  of  the 
exterior  boundary  of  the  planetary  system  is  worthy  of  special 
attention  from  the  fact  that  it  was  founded  on  profound  theoretical 
learning,  and  verified  by  consummate  instrumental  and  pmctical 
skill. 

Though  we  here  close  our  account  of  the  planets  and  their  satel- 
lites, we  have  still  two  chapters  to  add  before  we  shall  have  com- 
pleted what  is  to  be  said  witli  regard  to  the  solar  system.  A  further 
and  notable  class  of  bodies,  neither  planets  nor  satellites,  own  alle- 
giance to  the  sun,  and  revolve  around  him  in  conformity  to  tiie 
Uws  of  universal  gravitation.  These  bodies  are  the  eomets,  and 
their  somewhat  more  humble  asKOciates,  the  shooting  start.  We 
find,  in  the  study  of  these  objects,  many  matters  of  interest, 
to  which  we  shall  proceed  in  the  ensuing  chapters. 
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Comots  Contracted  with  PLmeta  in  Nature  ■■  well  a*  in  their  HoTomeDta — Co^b'* 
OoiMt-^Periodio  Betunu — The  Law  ot  QravitatioD— PomlwtiD  sod  Ellqitio 
Orbits — Theory  in  Adnitce  of  Obiervntions — Moat  Comctarji  Orbit*  an 
wnlibly  Parabolic— The  LubooM  at  Bailey— The  Comet  ot  1 683— HAlley'a 
llemoislile  I'redictian— The  Rataidadoii  Pn>diiced  bj  Diaturbance — SuoosMirs 
BMnma  of  Holley'a  Comet — Encte's  Comet — Effect  of  Pertuxbatiaaa — Ortat  of 
BdoIco'i  Comot — Attructitiu  ot  Hercory  and  ot  Jepiter — How  the  Identitj  ot 
the  Coiiii4  in  mcnred— How  to  Weigh  Heronry — Distanoo  from  the  JBaith  to 
the  San  found  by  Encko'i  Ckunet — The  Diaturbiug  Medium— Tlie  Cometa  of 
IMS  and  1HG8 — Famage  ot  a  Comet  between  the  Earth  and  the  Btaro — CoautM 
not  composed  of  Gaa  of  appreoiablo  Density- Can  the  Comet  be  Woi^^ed  ? — 
BTidence  of  tha  Small  Maea  of  the  Comet  dsriTod  from  the  Theory  of  Perturbs^ 
tion— The  Tail  ot  the  Comet — Ita  Changsa^Viowa  aa  to  ita  Nature — Carbon 
pnaent  in  Contota. 

Is  Qiir  previous  chapters  whioh  treated  oi  the  buq  and  the  mnon, 
the  planets  and  their  satellites]  we  found  in  all  cases  that  the 
celestial  bodies  with  which  we  were  concerned  were  nearly  globular 
in  form,  and  many  are  undoubte<lly  solid  bodies.  All  these  objects 
possess  a  density  which,  even  if  in  some  cases  it  be  much  loss  than 
that  of  the  earth,  is  «itill  hundreds  of  times  greater  than  the  density 
of  merely  gaseous  aubstances.  We  now,  however,  approach  the  con- 
sideration of  a  class  of  objects  of  a  totally  different  character.  We 
have  no  longer  to  deal  with  globular  objects  possosfiing  a  consider- 
able mass.  Cometa  are  of  the  most  irregular  shapes,  they  are  in 
lat^  part,  at  all  events,  formed  of  materials  in  the  utmost  state  of 
tenuity,  and  their  masses  are  so  small  thai  no  means  we  possess  have 
enabled  them  to  be  measured.  Not  only  are  comets  different  in  con- 
stitution from  planets  or  from  the  other  more  solid  bodies  of  our 
system,  but  the  movements  of  comets  are  quite  distinct  from  the 
orderly  return  of  the  planets  at  their  appointed  seasons.  The  comet« 
appear  sometimes   with   almost    startHng    unezpectedness ;    they 
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ropidlj'  Hwell  in  *ixe  to  an  extent  that  in  supeistitiouR  a^s  called 
forth  the  utniiutt  li-rror;  nj^ln,  they  dimppi-ur,  oft<'n  n^vi-r  again 
to  return.  Modern  Mienut  liii»,  no  doubt,  rcni«vt.'cl  a  great  deal 
of  the  myKtvrj'  which  oncc  invested  tbo  whole  «uhjvct  of  cometa. 
Tlieir  movements  ar«  now  to  a  lurgv  cxt^nit  i-xpluined,  and  some 
additions  have  been  made  to  our  knowledge  uf  tlieir  nuturv,  though 
we  muat  itlill  eonfea^  that,  what  we  do  know,  bean  but  a  very  small 
{>i'i>piirtii)n  to  what  remaiiiN  unknown. 

Let  UN  Hint  dow^rilM.-  in  ^-nend  tvi-nin  the  lutture  of  a  eumet,  in 
so  fur  OM  its  trtriiotiiix!  14  di»olci»wd  by  the  aid  of  a  powerful  ntfraelin); 
teIe^-o|ic.  Wo  repri^sent  in  Plate  XII,  two  iiiten-^Uni;  sketehen 
made  at  Harvard  Collv*^  of  the  greiit  comet  of  IS7i,  distinguished 
by  the  name  of  itii  diiicuvca'r  C<;>fr|riii. 

We  see  luie  the  head  of  the  <!omet,  containing  as  its  brightest 
spot  what  is  called  the  ntickits,  and  in  which  the  material  of  the 
comet  seems  to  be  miieh  denser  than  4>li>ewherc.  Surrounding  tlie 
nucleus  we  find  certain  definite  layers  of  himiniiuH  material,  IVoni 
which  the  tail  seems  to  stream  away.  This  view  miiy  1m;  i^aided 
as  that  of  a  typienl  comet,  but  the  varictiea  of  structure  presented 
by  different  comct«  arc  almost  innumerable.  In  aome  ea«eH  we 
find  the  nucleus  nbsenl ;  in  other  caavs  we  lind  the  tail  ab»mt. 
Tlie  tail  is,  no  doubt,  a  conspicuous  fealun-  in  those  great  <!omets 
which  receive  univcnal  attention;  but  in  the  amnll  leleocopic 
oometa,  of  which  ;^  few  are  gi-nerally  found  every  year,  the  absence 
of  the  tail  is  qttile  an  ontinary  vhantcti'r.  Not  only  do  oometa 
present  great  variety  in  iipjicitrHnce,  hut  even  the  aspect  of  » 
.^iringle  comet  undergoes  gmit  chiingc.  The  comet  will  some- 
'timee  increase  enormously  in  bulk ;  xoinetimes  it  will  diniinisli, 
JDietimes  it  will  hnve  a  Inrgv  tail,  or  sometimes  no  tail  at  all. 
Musuremeiits  of  a  comet's  size  are  almost  futile  ;  they  may  cwse 
to  b»jm«  even  dnring  the  few  hour*  in  which  a  comet  is  obarrred 
in  th«  flpurse  of  a  iu;:ht.  It  ik,  in  fact,  impoKsiblc  to  identify  a 
comet  by  any  dc«-ripiion  of  it«  })cnK>nnl  np])eanuio«.  Yet  the 
question  aa  to  the  ]>eriionid  identity  of  a  comet  is  often  of  very  great 
coneequence.  We  nui*t  pToviilv  means  by  which  that  identity  enu 
be  «8tabliahed,  entirely  apart  fnm  what  tb«  ootnet  may  b«  like. 
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It  ia  now  well  known  that  several  comets  make  periodic  rotiims. 
After  beinj^  iuvivible  for  n  certjkin  number  of  yeitrs  such  %  comet 
eomcs  Kgain  into  riow.  nnd  n^^in  rvtreats  into  space  to  perform 
HHOtlicr  rpv<iiwti<'ii.  The  ([tiestion  then  arisea  as  to  how  arc  we  to 
rovognUc  thu  comet  when  it  comes  bnek?  The  personal  foaturvs 
of  xi*  itizv  or  bri](ht'nc«s,  thu  presence  or  absence  of  a  tail,  lor 
or  Rmnll,  nxt  flvetinff  characters  of  no  value  for  such  a  purpose. 
Kurtitnately,  however,  the  law  of  elliptic  motion  ntablishetl  bjr 
KopttT  Ii.is  HUfr^^ted  the  nieaiu  of  defining  the  identity  of 
oomct  with  uliMiUite  jirecision. 

Aft<;r  Newton  hiul  inude  his  immortal  diwomT-  of  the  law  of 
gravitutJon,  and  after  he  had  xuecenW  in  demonKt rating  that  the 
elliptic  I'aUiH  uT  the  ptnnetii  aroiitiil  the  mm  wert-  a  neoexuiry  cim- 
ae<|uenec  of  tbat  law,  he  was  naturally  tempted  to  apply  thn  nuno 
reasoninfT  to  explain  the  movement*  of  enmet*.  Here  again  he 
met  witJi  rourvelUiua  Buoceati,  and  illunlmted  his  theory  by  com- 
pletely explaining  the  movementa  of  the  remarkable  eoniet  which 
appeared  in  the  year  1080. 

There  iit  a  certain  very  booutiful  eurre  known  to 
by  the  name  of  the  parabola.     \\*  fonn  is  ithown  in  the  Mljoiniof 
litfure ;  it  ia  a  curved  line  which  beudu  in  towimis  and  around  a 
certain  point  known  aa  the  focus.     This  would  not  be  the  oceaiion 
for  any  allujtion  to  the  ]]^mt-trieal  properties  of  this  curve ;  theeij 
are  fully  discu>»etl  iu  work^  on  mathematics.     It  will  here  only 
necessary   to  ]M)int  to  the  connection  which  cziata   K'tweeii   the 
parabola  and  the  ellipse.     We  have  in  a  former  ehapter  explained 
the  construction  of  the  ellipse,  and  we  have  sliown  Imw  it  pua 
two   foci.      Let  UB  suppose  that   a  series  of  ellipses   be  d^lwn^1 
each  of  which  has  a  greater  distance  between  ita  foci  than  the 
preceding  one.     Imagine  the  process  oarried  on  until  at  length  tbe| 
distance  between  the  foci  became  enormously  great  in  comparisoa 
ivith  the  distance  from  each  focus  to  the  curve,  then  each  end  uf 
this  long  ellipse  will  have  practically  the  same  form  us  a  pnrabuU. ; 
We  may  thus  look  on  the  parabola  represented  in  Pig.  55  as  being 
one  end  of  an  ellipse  whereof  the  other  end  is  at  an  indefinitely 
great  distance.     Newton  showed  that  the  law  of  gravitalioa  wooldj 
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permit  a  body  to  move  in  an  ellipse  of  tbis  very  extreme  type  no 
lesB  tiian  in  one  of  the  more  ordinary  proportions.  If  an  object 
revolve  in  a  parabolic  orbit  about  the  son  at  the  focus,  then  the 
object  moves  in  {gradually  towards  the  sun,  sweeps  around  the  sun, 
und  then  be^ns  to  retreat ;  but  there  is  one  great  and  necessary  dis- 
tinction between  parabolic  and  elliptic  motion.     In  the  latter  case 


\, 


Fig.  35.--The  I'lrabolic  pith  ot  ■  ComnL 


the  body,  after  its  retreat  to  a  certain  distance,  will  tnm  round  and 
a<rain  draw  in  towards  the  sun  ;  in  fact,  it  will  matte  periodic 
returns,  as  was  found  tj)  he  the  cane  with  the  planets.  But  in  the 
case  of  the  true  parabola  the  body  can  never  return ;  to  du  so  it 
would  have  to  double  the  distant  focus,  and  as  that  in  infinitely 
remote,  it  could  not  be  reached  except  in  the  lapse  of  infinite  time. 
The  characteristic  feature  of  the  movement  in  a  parabola  is  thus 
enunciated.  The  body  draws  in  gradually  towards  the  focus  from 
an  indefinitely  remote  distance  on  one  side,  and  after  possing  round 
the  focus  gradually  recedes  to  an  indefinitely  remote  distance  on  the 


300 


THE  STOnr  OF  THE  UEAVESa. 


Other  aide,  never  again  to  return.  Wlwn  Ntwton  Itiul  pcnseivMi 
that  [Jiaialiolio  inutiuu  of  \\\\»  type  could  nriso  from  th«  Inw  oF 
g;ravitaliui),  it  at  once  occurrt-d  to  hitn  thut  bv  ils  mentis  tlu- 
movumenLs  of  a  comet  might  bo  cxpliiinod.  He  knew  thtit  coiiu-tn 
must  be  attracted  by  the  stiti ;  he  saw  ibut  tlie  usual  cuur*«  uf  a 
oomfit  was  to  appear  suddenly,  to  K(r<>ep  around  the  »iin  nnd  then 
retreat,  never  aguin  to  tvtum.  Wuh  Uii»  really  a  nute  of  |>ariilx>lic 
motion  ?  Fortuuately,  the  niateriul^  fur  the  trial  of  this  important 
theory  were  all  ready  to  bis  hand.  He  waa  able  to  avail  himself  of 
the  meaeurements  of  the  great  comet  of  ISAO.andof  observatiousof 
m-veral  other  bodies  of  the  same  nature  whifh  bad  been  aceumulated 
by  the  diligence  of  astronomers.  With  his  usual  sagacity  he  devised 
a  method  by  which,  from  the  known  fartja,  the  path  whieb  tlie 
oomet  purtiues  could  bo  detorminml.  He  accoi-dingly  calculated  the 
path  nnd  be  found  that  it  was  a  parabola,  and  that  the  velocity  of 
the  eomi't  tvas  govenidl  by  the  law  of  describing  equal  areas  in 
equal  times.  Here  was  iinolber  iMiirinciiig  demonstration  of  the  law 
of  universal  gravitation.  In  thia  case,  indeed,  the  theory  ntny  be 
said  to  have  been  actually  in  ailvaiicc  uf  calculation.  Kepler  bud 
determined  I'rom  observation  'alone  that  the  jtaths  of  the  planetd 
were  ellipses,  and  Newton  had  shown  how  these  ellipses  were  a 
consequence  of  the  law  of  gravitation.  But  in  the  case  of  the 
comets  tlieir  highly  erratic  orbit*  had  never  been  reduced  t») 
geometrical  form  until  the  theory  of  Newton  showed  him  that  ihoy 
were  parabolic,  and  then  he  invoked  the  observations  to  verify  the 
anticipations  of  his  theory. 

The  great  majority  of  comets  move  in  orbttfl  which  Cfttiiiflt  be 
sensibly  discriminated  from  ])arabol8e,  and  any  comet  whoAe  orbit  i< 
of  this  character  can  only  be  seen  at  a  single  apjiarition.  Hm 
theory  of  gnivitatiou,  though  it  admits  the  parabola  as  a  possible 
orbit  for  a  conict,  dofs  not  assert  that  the  orbit  must  be  necesoirily 
a  parabola.  We  have  pointc<l  out  that  this  curve  is  really  only  a 
very  extreme  ty]W  <'f  elli|>«e,  and  it  wouhl  ittill  be  iu  jwrfect  accord- 
ance witli  Ihe  law  of  gravitation  for  a  comet  to  pursue  a  path  of 
any  elliptical  form,  pruvidMl  only  lluit  the  Kun  \v»»  placed  at  tlw 
fucus,  aud  that  the  comet  obeyed  (he  rule  uC  describing  vqtuil  areaii 
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in  equal  times.  If  a  comet  mavo  in  iin  elltptic  piitli,  tticn  it  will 
return  to  th«  sun  Bf^in,  nnd  onnRuijuciitly  wo  shall  huve  rc^ilar 
jieriodical  vieit«  fom  flic  sumi^  object. 

An  int«i'eiitinff  liild  "f  inquiry  wa*  hore  prescnt'Cd  to  the  nslrn- 
nomir,  Nor  wiii?  it  lonjj  Ix-fore  the  diwMvi-rj'  of  a  pori'Mlio  comet 
WHS  made  ufaich  illiislrut(-<1,  in  a  Htrilcin^  manner,  the  truth 
of  the  laws  of  tmivcrxal  gravitation.  The  name  of  the  celebrated 
wtronomer  Hnlh-y  i*,  perhajm,  Ix!«t  known  friini  its  associa- 
tion with  the  grcjit  comet,  whoxc  jvriodinily  via*  discovered 
by  his  calculati'ins.  When  Hallcy  learned  from  the  Newtonian 
theory  the  possibility  that  a  comet  mi^ht  move  in  an  elliptic  orbit, 
he  undertook  a  most  luhorinim  investigation ;  he  eoltected  from 
various  records  oE  observed  <^mcts  all  the  rtdinble  particulars 
that  eotild  be  obtained,  and  thus  he  was  enabled  to  Iram,  with 
tolerable  aceunicy,  the  nntnre  of  the  paths  piirsiied  by  about 
twenty-four  large  comets.  One  of  lliese  was  the  grcnt  e.imet  of 
\6a,  which  Halley  himself  obitcrved,  and  whose  |<iith  h<-  cumpnt^tl 
in  accordsDCO  with  the  principle*  of  Newton.  He  then  proceedeil 
to  the  inquiry  whether  thi*  comet  of  1CS2  could  [wssibly  hitve 
visited  our  system  at  any  previous  period.  To  answer  this  question 
he  tumvd  to  the  list  of  recorded  comet«  which  he  had  »>  cart^fuUy 
clnboniled,  and  he  found  that  bis  comet  very  closely  resemMnl, 
both  in  appearance  and  in  orbit,  a  comet  observed  in  lOOT,  and 
al»o  nnothcT  observed  in  1531.  Could  thei«e  three  hotJies  >■• 
identical  ?  It  was  only  necessary  to  suppose  that  a  oomet,  instctul 
of  revolving  in  a  parabolic  orbit,  really  revolved  in  an  extremely 
elongated  ellipse,  and  that  it  completed  each  revolution  in  a  period 
of  about  seventy-five  or  seventy-six  years.  lie  submitted  this 
hypotliesis  to  every  tetit  that  he  eotild  devise;  liu  found  that  the 
orbits,  determined  on  each  of  the  three  occasions,  were  so  nearly 
identiimt  that  tt  would  Ixj  beyond  the  wildest  probability  tluit  lhi< 
coincidence  should  be  aiH^idenlnl.  Accordingly,  he  tiecided  to 
submit  his  theory  to  the  most  supreme  test  known  to  astronomy. 
He  ventured  to  make  a  prediction  which  ])o«terity  would  have 
tbe  opportunity  of  verifying.  If  the  period  of  tlio  cumet  were 
serenty-five  or  seventy-six  years,  as  the  former  observations  seemed 
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to  show,  then  Halley  citJinut«d  that  it,  if  unmolMted,  on^bt  to 
return  in  1757  or  1758,  Thorc  were,  however,  wrlain  sources  of 
(]i«turb«nrc  which  HuDc}-  pointed  out,  mxI  nhtoh  would  be  quite 
powerful  emxigh  to  nffoct  materially  tim  time  of  the  return.  The 
comet  ill  itR  journey  puii»es  near  itie  |iuth  of  Jtipit«r,  and  ex- 
periences ^rent  perturbiitionrt  from  that  mifflily  planet.  Ualley 
concluded  thnt  the  return  of  the  eomi't  mi^fht  1>e  delayed  till  the 
end  of  \7t)^  or  the  beginning  of  1759. 

Thia  prediction  was  a  memonihle  event  in  the  history  of 
astrononny,  inasmuch  as  it  was  the  6rst  attempt  to  Foretell  the 
apparition  of  one  of  those  mysterious  bodies  whose  visits  seetned 
fpiided  by  no  lixed  law,  and  which  were  usually  ref^aided  as 
omens  »f  awful  import.  Ualley  felt  the  importance  of  hia  nn- 
nonncement.  He  knew  that  bis  earthly  course  would  have  mn 
long  before  the  comet  had  completed  its  revolution;  and,  in 
language  almost  touching,  the  great  astronomer  writes;  "  Where- 
fore if  it  should  i-etum  according  to  our  prediction  about  the  j'ear 
1738,  impartial  posterity  will  not  refuse  to  aclniowledge  that  tlii^ 
was  first  diiM-wered  by  un  Englishman." 

As  the  time  dn^w  nigh  when  this  great  event  was  expected,  it 
awakened  the  liveliest  interest  among  astronomers.  The  distin- 
g;uiflhed  mathematician  Clairaut  undertook  to  compute  anew,  and  by 
the  aid  of  improved  methods,  the  efteet  which  would  be  wrought  on 
the  omet  by  the  nttraction  of  the  planets.  Ilis  analysis  of  the  per- 
turbations was  sufficient  to  show  that  the  object  would  be  kept  back 
for  iUO  days  by  Saturn,  and  for  51^  days  by  Jupiter.  lie  there- 
fore (^ave  some  additional  exactness  to  the  prediction  of  Halley, 
and  finally  concluded  that  this  comet  would  reach  the  jtoint  of 
its  path  niiircst  to  the  sun  alwut  the  middle  of  April,  17&tf.  Th« 
Mgtcious  astronomer  (who,  we  must  remember,  lived  long  Ix-foro 
the  discovery  of  Umnus  and  of  Neptune)  further  adds  tJuil  as  this 
comet  retreats  so  far,  it  may  ]ioMil>ly  be  subject  to  inlluenem  of 
which  we  do  not  know,  or  to  the  dislttrbBncc  even  of  some  plaitet 
too  remote  to  Iw  ever  pen'civ«l.  He,  accordingly,  qualities  his 
prediction  with  the  statement  that,  owing  to  (Lma  unknown 
possibilities,  his  calctiletioos  may  be  a  month  wrong  onv  way  or 
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tb«  otlior.  Cloirout  made  this  mumorablfi  oommuDimtion  to  the 
Acndeiny  otScioncfsion  tliul4tli<>f  November,  i7iS.  The  utlentjon 
oC  Mtrimoin^n  wu  imniixlixtely  quiokoned  to  ww  Hrliuthtir  the  vintor, 
who  hut  appcnnN]  »ieventy-«ix  ymm  i)rcvi(niKly,  w«j«BhoHt  lo  rctiim. 
Ni};lit  after  iiight  the  hutveii))  wvrc  nuLniivtl.  On  ('hri*tniiu>  Day  in 
1758  the  comet  wm  first  dctccbrd,  and  it  \m**h\  cliwitt  to  the  mm 
kboul  midnif^ht  on  like  1 2th  of  Marub,  jimt  ii  month  earlier  thnn  the 
titiiit  iiniii'iincetl  by  CUiraiit,  but  MtiU  wilbiti  Uii;  limit*  of  crmr 
which  he  liiid  (utBij>nod  as  Xxm^  poMibl*. 

The  veriGoitJon  of  this  pr(><liction  win  »  furtbor  confirmation  of 
tbe  tlicory  of  gnivitation.  Since  tlien,  Holley'H  comH  has  returned 
once  ngaiti,  in  18>S.j,  under  circumslanccM  Koniowbitt  similar  to  thouc 
jii«l  iiiiniited.  KurLbcT  historiotil  rvscurdi  hwi  al>40  sucei'wic'd  in 
identifying  Halloy's  comet  with  numerous  mcmomblo  apparitions 
of  comets  in  former  times.  It  has  even  been  shown  thnt  a  splendid 
comet,  which  ajtpeairetl  eleven  ytnrs  before  the  oommcncemrnt  of 
the  Christian  em,  was  merely  that  of  Hiilley  in  one  of  ita  former 
returns.'  Ainonfr  the  mo«t  coli'hmt/<l  visits  of  this  object  was  Out 
of  H)6il,  when  the  np[)ariti<in  atlroctn)  titiiversal  attention.  A 
picture  iif  the  oomet  on  this  uconsjon  forms  a  (|uiiinl  feature  in 
the  Bayeux  Tapestry.  Tlic  n<^xt  return  ot  Hallcy'*  eomet  is  ex- 
pected ah-iut  the  year  19LU. 

There  are  now  s^riTitl  comets  known  whioh  revolve  in  elli]>tic 
paths,  and  are,  accordingly,  entitlet)  to  be  termed  pcriodio.  Thcae 
objects  are  chie6y  leluoopic,  and  are  tlius  in  strong;  contrast  to  tlie 
Hplcndid  comet  of  UalU>y.  Most  of  tho  other  periodic  oometa  have 
also  periods  much  shorter  than  titat  of  Ilalley.  Of  tJiese  objects, 
by  far  the  moet  cvlebratM  is  that  known  as  Kncke**  comet,  which 
merits  our  careful  attention. 

Tho  object  to  which  we  refer  lias  had  a  striking  career,  during 
which  it  has  suffered  much  at  the  hands  of  the  law  of  gravitation. 
^Ve  arc  not  here  conccrnni  with  the  prosaic  routine  of  a  mere 
ptkostery  orbit.  A  phinet  is  mainly  siibordinatn]  to  the  compelling 
tway  of  the  sun's  gravilatioii.  It  is  also  to  soinv  slight  extent 
■llaoUtl  by  tlie  attnotiona  which  il  exparicnoca  from  the  other 
plaiMta.     Malhemntiyians  bava  long  been  aocustumvd  to  aaticipato 
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the  movMneiiU  nf  the  planets  by  actual  calcalatlon.  They  tnow 
how  the  pUw  of  the  planet  is  approximatdy  decided  t>j'  the  enn'e 
attraction,  and  (hey  can  discriminate  the  different  adjuiitments 
which  that  place  is  to  Teocivc,  in  coiiBcqiienoe  of  the  disturbuDcM 
produced  by  the  other  planets.  Tlie  capahi3itiee  of  the  plsouts  foi 
prodiicinfi*  dietiirbanoe  arc  preatly  increased  when  the  dietiirbed 
body  folhiws  the  i-cccntric  path  of  n  comet.  It  is  fiwjiHiilly  found 
that  the  path  of  n  comet  comes  very  near  to  the  track  of  a  planvt, 
so  that  the  comet  muy  aotiinlly  sweep  by  the  very  planet  itself, 
even  if  the  two  bodies  do  not  iiotually  run  into  colliMon.  On  mioh 
an  occasion  the  disturbing  cCTect  of  Ihv  planet  if  enormously  au^< 
meDted,  and  we  therefore  turn  to  the  comets  when  we  dntire  to 
illitHtrAte  the  great  theory  of  planctarj-  perttirhtitions  by  imme  strik- 
ing ejcainple. 

Iluvinjr  decided  to  choose  a  comet,  the  next  question  iw, 
H'iat  comet?  There  cannot  hero  be  mnch  room  for  hwitntion. 
ThoHe  splendid  cornels  which  ftppeur  so  capriciously  may  be  nt  oqpo 
excluded.  They  arc  visitont  apparently  coming  for  the  fint.  time, 
and  retreatiu);  without  any  distinct  promtso  that  mankind  thai) 
ever  we  them  ngnin.  A  comet  of  this  kind  moves  in  a  pnrnbolio 
palh,  Bweeps  oiicu  iironnd  the  sun,  and  then  n-trciits  into  the  Kpaoe 
whence  it  came.  Wi^eannotoompli-tely  study  tbeeiTectof  ))erturb»- 
tiona  on  a  comet  until  it  has  been  watched  during  xiiceeasive  n*turiis 
to  tlte  nun.  Our  ehui<'e  is  thus  limitinl  to  the  comparatively  imall 
class  of  objects  known  as  periodic  comets;  and,  from  a  survey  of 
the  entire  i^roup,  we  can  select  the  most  Kuitable  to  our  purpoae. 
One  comet,  and  only  one,  fulfils  all  the  required  coiHlitions. 
It  is  the  celebrated  object  best  known  as  Kncke's  comet,  for^ 
though  Eneke  was  not  the  diiwovcrcr,  yet  it  is  to  bis  cnlculattooa 
that  tlie  comet  owes  ila  fame.  I'his  budy  is  reudcTcd  more  suitable 
for  our  purpose  by  the  memorable  resi-arches  to  which  it  lias  reccn 
given  rise. 

In  the  year  ISIS  a  eomct  was  discovered  by  the  pninitnki 
astronomer  Ffins  at  Marseilles.  Wo  ivn:  not  to  suppose  U»t  thi» 
comet  was  a  splendid  spi'et^clc.  It  was  a  small  tcU-seoptc  obJMi, 
not  unlike  one  of  those  dim  nebula  which  are  scattere<l  in  thotksanda 
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orer  the  hcavons.  The  cornet  is,  however,  readiljr  distingui&hed 
from  a  nebula  by  its  rapid  roovement  relatively  to  tlie  Btars, 
while  the  nebula  remains  at  rest.  The  poaitioo  of  this  comet  was 
oicertjtinoJ  by  its  discoverer,  as  well  as  by  other  astronomers. 
Dnclcu  found  from  the  observations  that  the  comet  returned  to  the 
sun  once  in  every  three  yeais  and  a  few  months.  Thia  was  a 
startling  discovery.  At  that  time  no  other  comet  of  short  period 
had  Ut-n  tk-tected,  so  that  this  new  addition  to  the  solar  system 
awukviiod  the  liveliest  interest.  The  question  was  immediately 
taiacd  M  to  whether  this  comet,  as  it  revolved  so  frequently,  may 
not  have  bircn  obRerved  during  previous  rvtiirns.  The  historical 
reconlM  of  ihc  apparitions  of  comet«  are  counted  by  hundreds,  and 
how  Huiong  this  host  are  we  to  select  those  objects  which  were 
identical  with  the  comet  discovered  by  Pons? 

Wo  may  at  once  relinquish  any  hope  of  identification  bydrawinfjs 
of  the  comet  itxelf,  but  fortunately,  there  la  one  feature  of  a  comet 
on  which  we  can  seize,  and  which  no  nuctuations  at  the  actual 
structure  can  modify  or  dis^uJMC.  The  path  in  which  a  comet 
travcltt  through  spaoc  is  indcpi-ndcnt  oF  the  Iwdily  changes  of  thu 
comet.  The  shape  of  that  path  and  it»  [Kwitiou  de])cnd  entirely 
upon  thoKc  other  bodies  of  the  solur  system  which  arc  specially 
involved  in  the  theory  of  Encke's  comet.  In  Fig.  &6  we  show 
the  orbits  of  three  of  the  planets.  These  orbits  have  been 
chosen  with  such  proportions  lis  i^hall  make  the  innermost  repre- 
sent tho  orbit  of  Mercury;  tlie  next  ia  the  orbit  of  tlie  mrth, 
while  the  oittermoet  is  the  orbit  of  Jupiter.  liiwdes  those 
three,  we  also  pi-reeive  a  much  more  elliptical  path,  ivpreseiiting 
the  orbit  of  Kneke's  comet,  pmjected  down  on  the  plane  of  tlw 
eartii'a  motion,  llie  sun  i«  situated  at  the  focus  of  Hie  ellipse 
The  comet  is  eonjtlniined  to  revolve  in  this  curve  by  the  attraction 
of  tlie  sun,  and  it  requires  a  little  more  than  thre«  years  to  aecom- 
pitsli  a  complete  revolution.  It  pasws  close  to  the  sun  at  peri< 
helion,  at  a  point  inside  Uie  path  of  Mercury,  while  at  its  greatest 
dUtanoe  tlio  path  approAche*  to  the  [mth  of  Jupiter.  This  elliptic 
path  is  mainly  determined  by  Uie  attraction  of  the  sun.  Whether 
tlie  comet  weighed  an  ounca,  a  too,  a  thoumnd  tons,  or  a  million 
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tonSj  whether  it  was  a  £ew  jniles,  or  many  thooBandB  of  niiles  in 
duuneter,  the  orhit  would  still  be  the  aame.  It  ii  by  the  shape  of 
this  ellipse,  by  its  actual  size,  and  by  the  position  in  which  it  lies 
that  we  identify  the  comet. 


Jupiter 


Fig.  66.— The  Orbit  of  Enclto'fl  Comet. 


Encke's  comet  is  usually  iuvisible,  and  even  the  mnet  powerful 
telescope  to  the  world  would  not  show  a  trace  of  it.  After  one  of 
its  periodica!  visitA,  the  comet  withdraws  until  it  passes  to  (he  outer- 
most part  of  iU  path,  then  it  will  turn,  and  again  approach  the  aun. 
It  would  seem  that  it  becomes  invigorated  by  the  sun's  raye,  and 
commences  to  dilate  under  their  genial  influence.  While  mo\'ing  in 
this  part  of  its  path  the  comet  lessens  its  distance  from  the  Garth. 
It  daily  increases  in  splendour,  until  at  length,  partly  by  the  iDtrinsio 
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incrcn«c  in  brightnece,  and  partly  by  the  d«!Ci«a«;e  in  diatwice  from 
the  vnrth,  it  oomra  within  the  ran^  of  otir  t«1cecopi>a.  We  can 
)^n«ntlly  iintinpnt«  when  this  will  ooour,  and  we  can  tell  to  what 
point  of  thi-  heavens  the  telescope  in  tn  be  pointwl  which  will  discern 
the  comt-t  &t  its  next  return  to  perihelion.  The  comet  had  eluded 
the  grnep  of  the  artist,  but  it  cannot  elude  the  grasp  of  th« 
mathemiiticinn.  The  mathematician  will  tell  when  and  where  the 
comet  i«  to  bo  found,  bnt  no  one  ran  say  what  it  will  Un  like, 

Onci-  rc(-iif>Di«od  aa  a  refjular  member  of  our  Byalem,  Kncke's 
<»met  iH-comt*  a  teacher  of  marvellous  power.  At  one  time  it* 
periodical  voyii}r(.-  brin<^  it  close  to  the  sun  and  cIo§e  to  the  path 
"f  the  plant-t  Mercury,  At  another  time  the  omet  approaches 
the  orbit  of  Jupitvr.  Ai^in,  the  wanderer  omes  within  niach  vt 
our  tdewnpcK,  and  we  are  able  to  frlean  many  intenwtio^  faet* 
from  itn  travclx.  These  movcmoDts  oontAin  imprcMvc  evidence 
lut  to  the  wuy  in  which  tlic  celestial  phenomena  are  found«^  on 
the  law  of  ^ivitation. 

Wore  all  the  other  bodi««  of  the  systum  romoved,  then  the  |nth 
of  En<*ke'R  comet  must  bp  for  ever  performed  in  the  came  clli]K>0 
and  with  aWilutu  rvgulsrity.  The  chief  iutvrcct  fur  our  prcseot 
piirp««e  Vws,  however,  not  in  the  rc^larily  of  its  path,  hut  in  tiw 
irrfffularitUt  introduced  into  that  pnth  by  the  presence  of  the  oIImjt 
bixlics  of  the  Pidar  system.  I^ct  nn,  for  iiiKtunoe,  follow  tJie  pM;,'r>'i4«« 
of  the  comet  through  its  [M-rihclion  p<w«ngv,  in  which  the  track  liiii 
near  tliat  of  the  plaiwt  Mercury.  It  will  usually  hop))en  that 
Men^ury  i«  situated  in  h  distJtnt  [sirt  of  ita  ]wtli  at  the  moment 
the  comet  is  paMinff,  and  the  inlluence  uf  the  ]>Ianet  will  then  be 
comparatively  smalL  It  may,  however,  sometimes  happen  that  the 
planet  and  the  comet  come  close  together.  One  of  the  most  memor* 
able  instances  of  a  close  approach  to  Mercury  took  place  on  the  iinA 
November,  1  SiS.  On  that  day  the  comet  am)  (be  planet  were  only 
c<^pllmlc(f  by  an  interval  »f  about  one-lliirtieth  of  tlie  earth's  distance 
from  tlw  sun,  %.«.,  about  9,0(>0,<M)0  miles.  On  two  other  occusWnib, 
vix.,  18.^5,  Aufnut  iAtA,  and  1S58,  October  S&lJt,  the  diNiunee 
betwi-en  Eiidcc'a  comet  and  Menniry  has  been  Im*  than  ll>,t)Ut>,<l(H> 
milM— Mt  amouDt  of   trifling    import   in  compwiaoa  with   the 
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dimuti^ione  of  our  system.  ApproiuOic*  no  doMC  oh  this  luv  frau[, 
with  spriotis  i-on»oquLitc'L-«  to  t)ie  movements  of  the  oomet.  Mer- 
cury, l1ioti;;h  H  Kiiiiill  iHitly,  in  alill,  «a  ita  name  nruuld  tnggtH, 
m  moBSivv  Uxly.  It  alwuyH  iitlructs  the  comet,  but  the  effkaqrii 
that  tittni«tioti  is  onurnioualy  enhanced  when  the  ooroct  to  ita 
wanderings  comes  near  the  planet.  The  eEFect  of  this  •ttnutiDn  if 
to  forco  thi;  comvt  to  swerve  from  its  pnth,  an<l  to  inopremi  eerlvn 
chungi.-3  upon  iu  veloeity.  As  llie  comet  recedes,  tlie  diiitiirUtig 
influtriioc  of  Mercury  mptdly  al)at4>s,  and  ere  Iodk  beconiefl  inscnAble. 
But  time  eauniit  efface  from  the  orbit  of  the  comet  the  effect  whiA 
the  diiiturbiince  of  M<!n?iiry  has  actually  aceompUshed.  The  ilt»- 
turtjed  orbit  is  a  dilTrreiit  figure  to  the  undisturbed  eliipeo  whirb 
the  comet  vtouhl  Imve  occupied  had  the  influence  of  the  «un  aloM 
determined  its  shape.  We  are  able  to  calculnto  the  movements  ol 
the  comet  as  determined  by  the  sun.  We  could  also  caleuLite  th* 
effects  arieing  from  the  diiiturbunco  produced  by  Mercury,  pmvided 
wo  know  its  muse. 

Mercury,  though  one  of  the  smallest  of  the  plitneta,  iit  perbaiM 
the  most  troublesome  to  the  astronomer.  It  lies  so  cIum  to  ii 
sun,  that  it  is  seen  but  seldom  in  comparison  with  the  otbi 
great  planets.  Ita  orbit  is  very  eccentric,  and  experieDceB  dis- 
turbanccs  by  the  attraction  of  other  bodies  in  a  way  not  yet  fully 
understood.  A  special  (lilhculty  has  also  hetB  fouml  in  the 
attcmjtt  to  phioe  Mercury  in  the  weighing  scales.  We  can  weigh 
the  whole  eartli.  wo  can  weigh  the  sun,  the  moon,  aiid  even 
Jupiter  and  other  planets,  but  Mercury  presents  difficulties  of  a 
peculiar  ebnriictiT.  ]m  V'crrier,  however,  succeeded  in  devising  a 
method  of  weighing  Mercury,  He  demonstrated  that  our  earUi  it 
attracted  by  thiM  planet,  and  he  xhowcd  liow  the  amount  of  attrae^H 
tioD  may  be  ilijieloiied  by  (>b:(ervution»  of  tJic  sun,  so  that  by  exauii-^^ 
nation  of  tlic  obKcrvations,  be  miulc  an  approximate  dctcrminat  iuu  nf 
the  mas«  of  Mercury.  IjC  Viarier's  result  indicntwl  tliat  the  weight 
of  the  planet  was  about  the  flfteeuth  luirt  of  the  weight  of  the  tntrtb. 
lu  other  word)*,  if  our  earth  innfi  placed  in  a  mighty  scale,  and 
tifteen  globes,  each  equal  to  Mercury,  were  laid  in  the  other,  the 
scales  would  bo  evenly  balanced.     It  was  iteoes^ary  that  tltifi  result 
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oliAu!)]  lie  n-rrirrd  with  great  caution.  It  (lepewlfd  upon  a  very 
cl«1icat«  iiiterpn-tation  of  somewhat  procarioUH  meaeiireaieote.  It, 
could  only  1>(-  r^gariJt'cl  as  a  provisional  value,  to  Iw  diticarded  tvben 
a  bettor  one  should  W  obtained. 

The  ajiproai-li  of  Kncke'ji  cumet  to  Mt-rcury,  and  tbe  elaborate 
invceti^tions  of  Von  Aetcn,  by  ivbicli  the  ubservatioDs  of  thccomH 
bave  been  diseuEeed,  bare  thrown  mui-li  li^bt  on  tho  siibji-ct.  Von 
Asten  aeBQined,  in  the  first  flaet-,  Uuit  Mercury  witK  rvally  endowed 
with  tbe  moss  whicb  Li>  Verrii-r  had  attributnl  lo  it ;  und  Iio  wiut 
able  to  calculate  where  tbe  CKinet  should  W',  H»8iiniing  tliin  deter- 
mination to  be  correct.  But  tbe  oomi-t  was  not  found  in  the  place 
indicated  by  the  ca)i-iibil4on« :  it  na«  fully  an  arc  of  one  degree  dia* 
tant.  Tbe  calculations  must,  tbvrofonr,  bavr  iwmr  crmncoii«eleni«nt. 
There  was  only  one  eU-mcnt  whieh  could  W  crroncoiiit :  it  waa  the 
mass  of  MtTciiry.  Von  Astvti  then  tried  a  diSencnt  valu«  for  the 
mass  of  tbe  planet.  He  rf  peated  the  calculation*,  and  tlie  caletilutod 
place  became  more  nearly  coincident  with  tbe  observed  place.  A 
third  attempt,  and  this  time  a  final  one,  nhowed  tliat  by  aaauming 
a  suitable  mam  for  Mercury-  tbe  calculated  places  of  tbe  cornel 
can  be  reconciled  with  the  observed  place«.  Von  Asten  has  tbtM 
demonstratett  that  llie  wei^bt  of  Menrury  is  much  leea  than 
Le  Verrier  biul  eii|>)>o«e«l.  If  our  earth  were  divide«l  into  twenty- 
five  )iarte  of  Cijiml  ina**,  each  one  of  these  parte  would  weigh  aa 
mucb  as  the  planet.  Ni>  dilTcrent  value  of  the  mass  of  Mercury 
can  be  made  eonkixtcnt  with  the  information  obUiined  frvin  ttui 
Toyige  ot  Kncke'v  comet. 

Do  we  doubt  tbe  aocumcy  of  this  delicate  weighing-machinic  ? 
Look,  then,  at  the  orbit  of  Jupiter,  to  which  the  comet  ap]>rogKJica 
xo  nearly  wben  it  n-lTtrat»  from  tbe  sun.  It  will  Kimelimeit  happen 
that  Jupiter  and  tbe  comet  on)  in  cloae  )>roiimity,  aiti)  tlien  the 
mighty  planet  Krioualy  disturbs  the  plinble  orbit  of  the  comet. 
'I1ie  patb  of  the  latter  bears  indelible  ttac-tfs  of  I)m>  Jupil«r  pertur- 
bations, as  well  as  of  tbe  Mercury  [jertur lotion*.  It  might  aeem 
a  hopeless  task  to  diacriminale  between  tlie  influeitcea  ot  the  two 
planets,  overshadowed  as  Ihey  both  are  by  tbe  supreme  control 
of   tbe   sun,    but   tiie  wutrivances  of  tnathematical   analvHi*   are 
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adequate  to  deal  with  tlie  problem.  They  ])oiiit  out  how  murb  itim 
U'  Mercury,  bow  much  is  due  to  Jupiter ;  and  bo  the  wutulvniig*  el 
Encke's  comet  can  he  mtulc  to  disoloee  the  mate  of  Jupit«r  mn  weU 
aa  that  of  Mercury.  Here,  thi-u,  n-e  have  u  meaua  of  testily  Uut 
prociBJou  of  our  ecali-B.  'I'Iil'  mnsa  oC  Jiipitvr  cun  W  soinuatflj 
measured  hy  his  satellites,  as  we  hitvtt  already  mentioned  ia  a 
previous  chuptor.  As  ihv  s»lvlliti.'«  revolve  round  and  round  ihr 
planet,  they  alTurd  the  means  of  measuring  his  weight  bj  tbc 
npidity  of  iheir  motion.  Tliey  tell  us  that  if  tlii;  sun  wure  placed 
io  one  scale  of  the  eelestial  hulunce,  it  would  take  1  Om  bodies  equl 
to  Jupiter  in  the  other  to  wiHgh  him  di)wn.  Uardly  a  trace  n( 
lineortuiiity  clings  to  this  detenninatioii,  uiid  it  in  theri'fure  of  gtvai 
interest  to  test  the  theory  of  Kncke's  cninet  hy  sevin^  whvthtr  it 
gives  an  iiecordaiit  reeult.  The  eompariiton  has  been  made  by  Von 
Asten.  Encke's  comet  telta  us  tliut  the  sim  is  1050  time8  nt>  hearv 
as  Jupiter;  so  the  results  are  pructiiuUy  Jdcntic-Jil, atid  the  iiccum-y 
of  tb«  iudicatious  of  the  comet  are  eitntimvcd. 

Encke's  comet,  by  its  long;  wanderings  and  by  its  frequenl 
visits,  is,  indeed,  pregnant  with  inrorinMtion  on  various  otht'-r  }ioititt 
relating  to  the  eobr  system.  A  mvoto  of  times  that  eumvt  has 
returned,  and  we  can  only  render  tliese  returns  oonsistont  vrith 
ekch  other  hy  making  appropriate  estiiuationa  of  the  vartouK  qoan- 
tities  involved.  It  is  most  instructive  to  m«  how,  iu  Von  Astett's 
handti,  the  most  recondite  infonnation  w  wrung  fvoni  the  i-omeL 
The  distance  of  the  earth  from  the  sun  ia  a  vrry  important  tnu 
to  Eutke's  comet.  Our  earth  contrihutea  its  quota  of  disturhaocv 
to  tile  many  aillietions  of  the  suffering  body.  Tlte  capai-ity-  of  our 
wirth  to  derange  the  comet  depends  in  a  measure  u|xin  tlw  diMt«uci- 
from  tJic  earth  to  ibe  stm.  Tlio  investigation  is  of  no  little  voto 
pluxity,  but  still  it  is  easy  Io  see  that  the  earth's  distance  from 
suD  must  he  among  the  numerous  elements  of  the  question.  Uulcacl 
the  right  dislanci!  be  choseu  in  the  euleulations,  the  ohservLHl  pUrt* 
will  not  correspond  with  the  calculated  plaee.  Thisconsideratiua 
is  sulRcient  fur  the  malhematioian.  He  can  aetually  disentangle 
the  earth's  dUtaiiet;  from  the  other  ijunntities  involved.  It  ijt  sutuv- 
what  reniiirkabk'  that  Voii  Asteii  has  found  by  bis  calculatioiu  li 
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vnluc  of  tlie  sun'n  iliMtnuco  rfrj/  apprgruiiff  /.•*«  thjiii  tlmt  obtainwl 
by  other  iiicUkxIs.  lHucli  ot  these  restilte  lias  gijod  cluiiim  to 
accumoy,  and  it  will  be  a  problem  of  intvreit  for  astronoiiicrit  to 
rocoiicile  the  diiicre])aacy. 

Wc  have  hithi-rtn  discusited  the  adveuturra  nf  Eiickc't  «oinct  ta 
cuvoH  where  they  tbmiv  light  on  questions  othervririu  mont  or  tern 
known  to  us.  We  aovr  approach  a  oelebnil«d  problem,  on  which 
Kncke's  comet  is,  if  not  our  sole,  at  all  eveiita  our  princifal 
authority.  Kvery  ],£10days  thatcomet  revolves  completely  around 
its  orbit,  and  returns  again  to  the  neighbourhood  of  the  sun.  The 
return  of  the  comet  is,  however,  open  to  certain  irregularities.  We 
have  already  explained  how  irregularities  arise  from  Mercury  and 
from  Jupiter.  Additional  irreguUrilitc  also  arise  from  the  attrac* 
tion  of  the  earth  and  of  the  other  renuininf;  planets ;  bui  all  these 
can  be  allowed  for,  and  then  we  are  entitled  to  expect,  jf  the 
law  of  gravitation  be  univcrsatly  true,  that  the  comet  shall  obey 
the  calculations  of  mathematics.  Eocke's  conu-t  has  not  justified 
this  anticipation ;  at  each  terolution  the  period  is  getting  steadily 
nliorter  I  Each  time  the  comet  oomes  back  to  perihelion  in  two  and 
a  balE  hours  less  than  on  the  former  occasion.  Two  and  a  hnlF 
hours  is,  no  doubt,  a  small  period  of  time  in  comparison  with  that 
of  an  entire  revolution ;  but  in  the  n^ion  of  it«  path  vtsiblo  to  as 
the  oomet  is  moving  eo  quickly  that  it«  motion  in  two  and  »  half 
hours  is  very  oonsiderablv.  TTiis  irregularity  cannot  bo  ovcr- 
lookeil,  inasmuch  as  it  has  been  coulirmcd  by  the  returns  during 
about  twenty  revolutions.  It  has  sometimes  been  thought  that  the 
discrepancies  might  be  attributed  to  some  ]>lanetary  perturbations 
omitted  or  not  fullj'  accounted  for.  The  mastedy  analyEis  of  Von 
Asten  has,  however,  dispoeeil  of  this  explanation.  He  has  minutely 
studied  all  the  obser>'ations  down  to  1H75,  but  only  to  confirm  the 
reality  of  this  regular  retjirdatioa  in  the  movrmcuts  oE  Eocke's 
comet. 

An  explanation  of  thwe  irregularities  woo  ouggMtcd  by  Encke 
long  ago,  and  eubsfquent  researches  have  tended  to  substantiate 
Ilia  view.  Let  ns  briefly  att«-mpt  to  describe  this  awmorable 
hypothesis.     Wbeu  w«  tay  that  a  body  will  move  in  an  elliptic  path 
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around  the  mm  in  virtuo  of  gmTitation,  it  U  nlw»}'B  sssumed  tlwb-i 
tbe  body  buH  »  free  course  tliixnigh  hjimc.  It  »  kwumed  th«t  tlierSj 
IB  DO  friction,  no  air,  or  ovhi-r  iwunw  of  disturbanoc.  But  soppc 
that  thiit  auumption  should  bv  incorrvct ;  finppoM  that  there  realljrl 
ia  some  medium  pcrvadiiif*  spaeo  which  oEfon  ivaistance  lo  tha^ 
oranct,  in  th«  wtnic  way  a*  our  air  ofFi-n  re«ist«ncc  to  the  paa«»g«  ot_ 
»  rifle  liuDet,  nliiit  vSeci  ou(>ht  such  a  mrdium  to  produoc  ? 
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¥\g.  ST. — Tbo  Rcwjiliiiii;  Medium  Rround  lIu^  Sun. 

The  drawing  ia  Pig,  57  ropreBcnts  the  theory  which  £ncke  pnl 
forward,  and  in  support  of  which  we  have  to  add  the  more  recritti 
rcMnrches  of  Von  Astcn.     Ktcq  if  the  ^rreater  part  of  epaee  W] 
utterly  void,  ko  that  the  path  of  the  GImy  and  almost  epirituiil 
comet   i«   incapable   of    feeling  resistance,  yet  in  th«  neighbour- 
hood of  the  nun  it  would  seem  that  there  must  be  some  medium 
of  exce*sive  tenuity  capable  of  uffi-cting  the  comet.     It  can 
demoKHlrated  that  the  cfTeet  of  »  n.'«iKtin{;  medium  such  us  m-e 
have  Mtippotufd  iH  (o  diminish  the  hize  of  the  comet't  path,  and 
thus  to  diminith  the  periodic   time.     The  extstcnce  of  the  ■olar 
oornna  and   the  >tmng«  phenomenon  of  tJic  zodiacal  li^ht  havoj 
already  iihown  tm,  on  quilo  other  grouDda,  the  esititence  of  a  vast ' 
extent  of  matter  of  Home  kiod  diffoMd  around  the  sun. 
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Wo  have  Ep1cct«l  the  camets  of  H&lley  and  oF  £nckc  u 
illuBtrBttuns  of  tlie  clase  of  periodic  oomete,  of  vrbieh,  intlrwl, 
ihoy  am  thu  most  remarkable  mcmben.  Of  the  much  more 
numerous  class  of  nou-periodic  cotnrle,  exampli-s  in  ubiin()»nc<.-  may 
be  cited.  We  shall  mention  u  few  which  havo  np]Hwri>d  during 
th«  ]ir(!i;«iit  cvnturv.  Then.'  it  fint  the  splendid  couii-tof  IS43, 
which  appiiirod  suddenly  in  l"Vbru»ry  of  that  year,  and  WM  bo 
brilliant  that  it  oould  be  murn  during  full  dayliglit.  Thi»  oomet 
followed  a  path  which  could  not  lie  eerluinly  diKtiiigui«hi-d  from 
u  jUTubala,  though  tltere  in  no  doubt  tliat  it  might  have  been  a 
very  elongate  ellipse.  It  ia  impossible  to  decide  a  question  of 
this  kind  during  the  brief  opixirtunilies  available  for  finding  the 
placre  of  the  comeL  We  can  only  see  the  object  during  a  very 
small  arc  of  its  orbit,  and  even  then  the  comet  is  not  a  very  well* 
defined  point  which  admit*  of  being  measured  with  the  precision 
attainable  in  observatioos  of  a  star  or  a  planet.  This  eomet  of  1S44 
is,  hovever,  especially  ivnmrkable  for  the  rapidity  witJi  which  it 
moved,  and  for  the  oloM  approach  whii-li  it  mode  to  the  sun.  The 
heat  to  which  that  comet  waa  exposed  during  iU  passage  around 
the  sun  muMt  have  been  enormnusly  greater  tJian  the  Iieat  which 
con  be  niiseil  in  our  mightiest  furtiaoes.  If  the  miiteriaU  had 
been  agato  or  cornelian,  or  the  roost  infusible  substcun'i.-'  known 
on  the  earth,  they  would  have  been  fusi-d  and  drive-n  into  \-apour 
by  the  appalling  intensity  of  the  suu'a  rays. 

l^hc  great  coroet  of  IH^K  was  one  of  the  most  magnificent 
comets  of  modern  times.  It  was  first  obser\-ed  oa  June  2nd  of 
that  year  by  Donati,  whose  name  the  comet  has  subsequently 
borne  j  it  was  then  merely  a  faint  nebulous  spot,  and  for  about 
three  months  it  pursued  its  way  acroes  the  beavons,  without  giving 
any  indications  of  the  vplendour  which  it  was  so  iwon  to  attain. 
Kven  up  to  the  end  of  Augtist  the  oomet  bnd  baldly  become 
visible  to  the  unaided  eye,  and  was  only  furnifhct)  with  m  very 
small  tail,  but  as  it  gradually  drew  nearer  aitd  nearer  bo  the  sua 
in  September,  it  soon  became  invested  with  splendour.  A  tail 
of  majestic  proportions  was  fjiiickly  develo]>ed,  and  by  the  middle 
of  October,  when  the  maximum  brigbtueas  was  ottaintd,  the  tail 
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vxtciuk-d  over  an  arc  of  forty  degrpe§.  The  beatity  ati<]  ictt^rcst  of 
tfiiit  c'umct  wltd  greatly  eohancGd  by  its  position  in  the  liottrcns 
nt  a  Ri'iieon  when  tli«  nights  were  suf&ciontly  dark.  Some  of  Ibe 
more  recent  ffi'pat  comets  Iiave  tiot  been  equally  fi>rtiinat<'  :  they 
have  a])peared  in  midsummer,  when  the  iiiglilK  arc  not  ilftrk,  or 
th«>y  have  not  heen  well  placed  in  the  hcuveiiH. 

On  the  22nil  May,  ISSl,  Mr.  Tehbult,  of  Windsor,  in  N«w 
South  Wnk-«,  discovered  a  comet  which  Mjieedily  developed  into  one 
of  the  most  interesting  eelci-tial  objects  seen  by  this  generatioo. 
About  the  Siind  of  June  the  comet  became  visible  from  Uietc 
latitiidoi  in  the  northern  sky  at  midnight.  Gradually  it  ascended 
higher  and  higher  tilt  it  |«is»'d  amtiud  the  pole.  The  nucleuit  of 
the  comet  way  m  bright  a*  a  olar  of  the  fir^t  magnitude,  and  lU 
tail  was  alxtut  30"  long.  On  the  2ud  of  September  it  ceased  to  be 
visible  to  the  unaided  eye,  but  it  remained  visible  in  telescopes 
until  the  fdllowiug  Kobrunry.  TiiiK  waM  the  first  comet  which  WM 
euecesHfuUy  ])h<jt(igntplied.  To  this  comet  also  the  epecttuacope 
wag  applied  with  especial  eucccsg.  We  «hall  in  a  subsequent 
eliapter  deecribc  the  use  of  this  remarkable  iuKtrument;  hen-  it  will 
be  suflicient  to  observe  tliat  by  it»  aid  the  esiKtenoe  of  the  ulumeat 
carlion  in  this  comet  was  demonstrated. 

Another  of  the  recent  comets  which  received  (frcat  and  dettcrvod 
nttenlion  was  th.it  discovered  early  in  September,  \>-%i,  m  the 
southern  hcmiKpherc.  It  increased  so  much  in  brilliancy  that  it 
waft  »iH<n  in  daylight  by  Mr.  Common  on  the  I7lh  September, 
while  on  the  Ibtli  the  astronomers  at  the  Cape  of  Good  Hope  were 
fortunate  enough  to  have  ohser%-ed  the  comet  actually  approach  Up 
to  the  sun's  limb,  where  it  ceaKcd  to  he  visible.  Un  the  Mime  day 
the  spectrum  of  the  comet  was  observed,  and  it  was  nhown  that  tb« 
vleuient«  xodium  aud  iron  were  prenent  theivin. 

As  comets  are  nuirh  nenriT  to  the  ciirth  than  the  stara,  it  will 
occasionally  hap|>en  that  the  comet  muNt  arrive  at  a  position 
directly  between  the  earth  and  the  star,  llu-re  is  a  quite  eitnilar 
phenomenon  in  the  movement  of  the  moon.  A  utar  is  freqneotly 
occuite<l  in  this  way,  and  the  observations  of  such  phenomena 
are  very  fumiliar  to  astronuniem ;  but  when  a  comet  passea  lu  fruul 
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of  a  star  tlie  clivumslanoes  are  widfly  different.  The  star  is  Indeed 
seen  nearly  an  well  tlirough  ike  comet  as  it  would  be  if  the  comet 
were  entirely  out  of  the  way.  TIiim  ban  often  lieen  noticed.  One 
of  the  most  celebrated  obaervatiuiia  of  thin  kind  was  made  by 
the  lale  Sir  John  llerairhiO  on  iliein's  romet,  which  is  one  of  the 
periodic  cla»»,aud  will  be  alluded  to  in  the  next  chapter.  The  illuB- 
trioos  aotrononier  on  one  oceoaion  saw  thia  object  pass  over  a  atiir 
olnster.  The  cluster  consisted  of  excessively  minute  stars — they 
could  only  be  seen  by  a  very  powerful  telescope,  such  us  the  ono  Sir 
John  was  using.  The  very  faintest  haae  or  the  merest  trace  of  » 
aloud  would  have  saffioed  completely  to  obliterate  all  the  Bla». 
It  was  then-fore  with  no  little  interest  that  tlic  lutroooiner  watohed 
the  progress  of  Dieia's  comet.  Gnulually  tbe  wanderer  encroached 
on  the  p«np  of  stars,  w  that  if  it  had  any  »ppre<'iable  solidity  the 
numerous  twiuklinf^  points  would  have  been  completely  Hcrecned. 
But  what  were  the  fatrts  ?  Down  to  the  mowt  minute  star  in  that 
cluati-r,  down  to  tlw  smalle«t  point  of  light  which  the  great  tele> 
tKX>iK  couhl  show,  every  object  in  the  gniup  was  distinctly  acen 
to  twinkle  right  through  the  maM  of  Uiela'a  comet! 

Tliis  wujt  a  iiioiit  important  observation.  We  roust  recollcet 
that  the  screen  iutcqiosed  bi-tween  tlie  cluster  and  the  tclcHCOpu 
was  not  merely  a  thin  curtain ;  it  was  a  masi  of  oometary  sub- 
stance, very  many  thousands  of  mites  in  thickness.  Contrast^ 
then,  the  almost  inconceivable  tenuity  of  a  comet  with  the  clouds 
to  which  we  are  accustomed.  A  mass  of  cluud  a  few  hundred 
feet  thick  will  bide  not  only  the  staiv,  but  even  tbe  great  sun 
himself.  The  liKhtt'st  ha»e  tiiat  ever  floati^  in  a  summer  sky, 
would  do  more  to  screen  tbe  slara  from  our  view  than  would  one 
Imndrril  tbotiniud  miles  of  such  oometary  material  as  was  her« 
iiitcrpottod. 

The  gn-nt  imnict  of  Donati  pasted  over  many  stars  which  were 
visible  distinctly  through  its  maas.  Among  the«e  stars  was  a  very 
bright  one — the  wvIUknown  Arcturus.  The  comet,  fortunately, 
hB|>i>oned  to  pass  over  Areturus,  and  though  nearly  the  densest  purl 
of  llie  n>nu-t  wan  interjwKed  bctwe<-n  the  earth  and  tbe  star,  yet 
Arvturus  twinkled  oo  with  undiminiabcd  lustre  through  the  thick- 
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n€ss  of  this  8tu])4!ni]ouai  etirtairu  Iti'ccnt  ntwervations  have.  How- 
ever, shown  that  utan  in  Mine  casee  ex|wri«nce  ehan^^  in  lustre 
when  the  deneer  ]»irt  of  the  comet  paBses  over  tbem.  It  is,  iaAvti, 
(liffiCTult  to  imagine  that  a  star  would  remain  viniUe  if  tlie  niu'lms 
iif  a  really  lar^  coiiiet  ]>iu»fd  over  it.  It  does  not  seem  that  an 
ojiportunity  of  testing  thitt  supposition  hae  yet  arisen. 

If  the  comet  were  nude  of  transparent  gaseous  material— eucb, 
for  inatanct-,  in*  our  utmosjihere — the  place  of  a  star  vouM  be 
deranged  when  the  comet  approached  the  stax.  The  refractive 
power  of  nir  i»  very  considerable.  When  we  look  at  tlie  sunaet, 
we  aee  the  sun  apjiearin^  to  pass  below  the  horizon ;  yet  the  ran 
lias  actually  gone  entirely  l>elow  the  horizon  before  it  appears 
to  have  commenoe<l  it*i  descent.  The  refractive  power  of  the 
air  is  ho  ^^reat  that  it  actually  bends  the  luminous  rays  round 
and  shows  the  sun,  though  it  is  directly  screened  by  the  iittcr* 
vening  obetaclee.  If  the  comet  were  made  of  g&iwous  materiitl,  it 
must  act  on  the  places  of  the  stars  by  refmction,  even  if  it  doe«  not 
alter  their  brightness.  The  question  has  lieen  carefully  tested.  A 
comet  has  Ih-iii  i)bt>rrveil  to  approach  two  stare;  one  of  those  kIat* 
was  seen  through  the  conii^t,  while  the  other  was  seen  directly.  If 
tlie  body  had  any  appreciable  t|uantjty  of  gas  in  ite  composition  the 
relative  places  of  the  two  stars  would  be  altered.  Thia  qumtion 
ha«  been  more  than  once  submitted  to  the  test  of  actual  iikca)'iin>- 
ment.  It  has  sometimes  been  found  that  no  ai)preciable  chanj;e 
of  position  could  be  detected,  and  that  accordiugly  in  such  caaex  tb* 
oomet  has  no  perceptible  density.  A  senee  of  careful  nieaKiirc- 
menis  made  on  the  ^reat  comet  of  1HS1  showed,  however,  that  ta 
the  neighbourhood  of  the  nucleus  the  comet  seemed  to  ]>o«8ess  Komff 
refractive  power,  though  still  vastly  less  than  the  rcFractioD  of  our 
atmosphere. 

From  those  vonsidcnitions  it  will  probiibly  l>e  At  ODM  admitlid 
that  the  ni'iJiA  of  n  comet  inuiit  be  indited  a  very  small  ^llBiitity 
in  comiuiriKon  with  itji  bulk.  When,  however,  we  attcmpl 
ac-tuiilly  to  weigh  the  comet,  all  our  effurts  liAve  proved  abor- 
live.  We  have  I>een  nble  to  weigh  the  mighty  planets  Jupitor 
and  Saturn ;  we  have  even  been  able  to  weigh  tltc  va»t  sun  hiaasU ; 
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the  law  ot  g;mri(ation  has  provided  us  with  ft  Rtupciidoua  wei^hiug 
apparatus,  wliiclt  has  been  apiilied  in  all  tbew  casfti  wilti  euoceas, 
but  when  we  attempt  to  spply  the  same  ox^tboda  to  the  comets  our 
elfiirtii  are  speedily  seen  to  be  illusory.  No  weijjbm^  inaohinery 
known  to  the  astrononim'  is  delicate  enoiiju^h  to  determine  Uie  weight 
oE  a  comet.  All  that  we  can  nnder  any  circumstances  at-compliiili 
is  to  weigh  one  heavenly  body  in  comparison  with  another. 
The  comets  wem  to  be  almost  imponderable  when  compared  with 
sueh  rubust  masses  as  those  of  the  eartli.  or  any  of  the  other  grt^at 
planets,  and  so  we  learn  nothiof;  except  that  their  weijiht  is  inap- 
preciable. Of  course  it  will  be  undersloml  that  when  wc  say  the 
weight  of  a  comet  is  inappreciable,  we  mean  with  iv;;ard  to  the 
other  hixlies  of  our  system.  IVrliaps  no  one  now  doubts  tlint  n  great 
comet  must  really  weigh  tons;  though  whether  thoMi  tons  are  to 
be  reckoned  in  tens,  in  hundreds,  in  thoiiKiuds,  or  in  millions,  the 
total  seems  quite  insignificant  when  comjuired  with  a  boiy  liko  Uie 
earth. 

The  small  weight  of  comets  is  also  brought  before  us  in  a  vory 
remarkable  way  when  we  recall  what  has  been  said  in  the  last 
eliaptvr  on  the  im|)orlant  subject  of  the  planetary  )>crturbation8. 
We  have  tlierc  treated  of  the  permanence  of  our  system,  and  we 
have  shown  that  tlie  permanence  of  the  system  depends  upon 
certain  laws  which  tltv  planetary  motions  munt  fulfil.  Tlie  planets 
move  Dearly  in  circles,  their  orbits  are  all  neurly  in  the  tnine  plane, 
and  they  all  move  in  tlie  same  direction,  llic  {>ermanenoc  of  th« 
system  would  be  imperillixl  if  any  one  of  these  conditions  was 
not  fulfilled.  In  (hut  diiutUHiion  we  made  no  allusion  to  the 
comets.  Yet  they  are  momhcrv  of  lair  system,  and  they  far  out- 
number the  planets.  And  eometn  tuii^li  to  acorn  all  thuM;  rulea  which 
the  planets  so  rigorously  obey.  Their  orbits  are  never  like  circlea ; 
they  are,  indeed,  more  usually  parabolic,  and  thus  differ  as  widely 
as  poeiible  from  the  circular  jath.  Nor  do  the  planes  of  the  orbita 
of  the  comets  ol)serve  any  paiiieular  locality;  they  are  inclined  at 
all  sorts  of  angles,  and  the  direelions  in  which  the  comets  move 
seem  to  be  mere  natters  of  ca|)ricp.  Every  article  of  the  planetary 
convention  is  riolated  by  the  comets,  but  yet  our  system  lasts;  it 
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baa  lasted  for  toiintless  afjee,  and  seems  destmed  io  last  for  agt«  to 
ODine.  The  comets  are  attracted  by  tlie  planets,  and  conversely,  Uie 
comets  must  attract  the  planets,  and  must  perturb  the  orbit«  of  Uw 
planets  to  some  extent;  but  to  what  extent?  If  the  oomet«  all 
moved  in  orbits  guided  by  the  three  general  laws  which  chunu:- 
terise  planetary  motion,  then  our  ar^ment  wouIJ  break  down. 
The  planote  might  experience  considerable  derangements  fnrm 
oometary  attraction,  and  yet  in  the  lapse  of  time  those  diaturbancm 
would  neutralise  ene!i  other,  and  the  perraaneiiee  >if  the  system  would 
be  unaffected.  But  the  case  ia  very  different  when  we  deal  with  tlw 
actual  cometarj'  orbits.  If  the  comets  could  appreciably  disturb 
the  planets,  those  disturbsnces  would  not  neutralise  each  other,  and 
in  the  lapse  of  time  the  sj'steni  would  be  wrecked  hy  the  con- 
tinuous accumulation  of  irregularities.  The  facts  show,  hciwc\'vr, 
that  the  sjstcni  has  lived,  and  is  living,  notwithstonding^  the 
comets,  and  hence  we  ari'  forced  to  the  conclusion  that  the  oometury 
masses  are  utterly  insi^nilicant  in  comparison  with  tho  {^rcat 
plnnetur)-  masses  of  our  system. 

These  considerations  exhibit  the  laws  of  universal  gravitation  and 
their  relations  to  the  permanence  of  our  system  in  a  very  dtrikin;; 
light.  If  we  include  the  comets,  we  may  say  that  tJie  *<A»t 
system  includes  many  tliousands  of  bodies,  in  orbits  of  all  *ixn, 
shapes,  and  jwsitions,  only  agreeing  in  the  fact  that  the  sun  i«  a 
focus  common  to  all.  The  gruat  majority  of  tlicsc  l>o<lie8  arr 
imponderable,  and  their  orbits  arc  phuwd  anyhow,  eo  thai , 
although  they  may  suffer  much  from  the  pcrturlxitionfl  of  the  olliir 
bodies,  they  can  in  no  case  inflict  any  a]>])n-c-iable  (listurbanre. 
There  are,  however,  a  few  great  planets  (ra|>iibIo  of  producing  rant 
disturbancea  ;  and  if  their  orbits  were  placed  anyhnw,  chaos  wotitd 
sooner  or  later  bo  the  result.  By  the  mutual  adaptaliona  of  tl)<*ir 
orbits  to  a  nearly  circular  form,  to  a  n«irly  coincident  plane,  nnd  to 
a  uniformity  of  direction,  n  jiermancnt  truce  huti  bv4>u  ftToctt'd 
among  the  great  planets.  They  cnnnot  now  permanently  iJi*. 
orgimisc  each  olhcr,  while  the  slight  mnt>s  of  Uie  comets  retHlvr* 
them  incompetent  to  do  fo.  The  iifabilily  of  the  great  plntirtu  ia 
Uiiu  nactircd ;  but  it  ta  to  be  observed  tluit  therv  is  no  gtiaraDtiv  uf 
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stuliility  for  eoini.-li).  Their  ecoeotric  ftod  irregular  )HitliN  tn»y 
undcrf^  the  mofit  enormous  demnt^mpnts  ;  indood,  the  hUtory  of 
ofttronomy  contnioa  vaaay  instancM  of  the  vicissitiidn  to  whii-lt  » 
comctAry  carefr  is  pxposL-d. 

Urctit  ciiinHi!  appear  in  the  lioavcim  under  circumstancv*  wliicli 
have  but  fvw  fcaturm  in  common.  Tticrv  is  no  jwrt  of  the  lieaviMiN, 
eithi-r  in  the  norlliiTn  hcmi«phvre  or  the  Monthcrn  h«mi»iihtTi',  no 
coDAtfUatiun  ur  rcj^ion,  which  is  not  liable  to  occasional  viiiit»  from 
tliew>  myctt^rious  IxxlicN.  There  la  no  Hcasun  of  the  year,  no  hour 
of  the  day  or  of  tlie  niglit,  when  cometa  may  not  be  above  the 
horixou.  In  like  manner,  the  sixe  and  the  oaircvt  <>f  the  tK>mct« 
an;  of  tivery  character,  from  the  dim  spot  jtiat  visible  to  oit  eye 
furtillcd  by  »  mighty  tvleacope,  up  to  a  gigantic  and  brilliant  object, 
with  a  tail  slrvtching  nonws  Uie  iittavens  for  a  diatance  which  ia  as 
far  aa  from  the  bori»>n  to  th«>  xcnith.  So  al»o  the  direction  of 
the  tail  of  the  comet  acems  si  fimt  to  admit  of  every  poaajble 
position  :  it  muy  vtand  otraight  np  in  the  heavens,  aa  if  tlie  comet 
were  about  to  plunge  below  ihu  liorizoo ;  it  may  stream  down 
fn>m  the  head  of  the  comet,  aa  if  thrlMnly  lind  Ixiii  allot  up  fr<>m 
bel'iw  the  horixon ;  it  may  slope  down  to  the  right  or  riav  to  the 
right,  it  may  thii^e  down  to  tho  left  or  ri»c  to  tliv  left.  Amid  all 
tlii))  variety  and  aeeming  ca]>nce,  <-an  we  diacover  any  law  common 
to  the  different  phonomena?  If  wo  are  to  aucceed  in  ^ving  any 
exphinatiim  of  the  t^tila  of  comotH,  we  mnvt  tirat  di»covi-r  what 
feature*  there  are — if  any  there  U — whieh  all  lh<'*c  tail*  p()*a«i«i  in 
common ;  and  we  ohall  find  tliat  there  ia  a  very  remarkable  law 
wliicb  the  taita  of  eomcta  obey — a  law  ho  true  and  aatiafactory,  that 
if  ne  arc  given  the  place  of  a  comet  in  the  heavena,  it  ta  poaoiblc  at 
once  to  point  out  in  what  direction  the  toil  will  lie. 

A  beautiful  comet  appeara  in  aummer  in  the  Dorthero  aky.  It 
ia  near  midnight ;  we  are  gazing  ou  the  faintly  luminoiia  tail,  which 
stands  up  straight  and  |iointa  towards  the  x«Ritlt ;  ]:erlia]>it  it  may 
be  curved  a  little  or  poasibly  carved  a  good  deal,  hut  still,  on  tbo 
whole,  it  ia  direclcl  from  the  liori»m  to  the  zenith.  We  ani 
not  here  referring  to  any  particular  comet.  Every  comet,  large  or 
•mall,  that  appears  in  the  north  must  at  midnigtit  have  ila  tail 


THE  SWRY  OF  THE  HBAVSSR. 


pointed  up  in  a  ntnrl^'  vcrticiil  direction.  This  fact,  which  \aa 
hcca  verified  on  numvrons  ocnuion«,  ii  n  striking  iltustratioa 
of  the  law  of  direotioii  of  eomi'lit'  tails.  ITiinl;  for  on©  moment 
of  the  fiwrt*  of  the  c«*i.'.  Tt  is  stimiiicr;  the  twilight  at  the  north 
tihowK  tliu  position  of  the  sun,  and  the  toil  of  the  comet  points 
directly  vit%y  from  the  twilifrht  and  a  way  from  tho  son.  twUtA 
another  cum.  U  in  evening;  the  sun  bos  eut,  tlie  stars  have  be^rua 
to  shinp,  and  a  loug'tailcd  comet  i»  seen.  Let  that  comet  be  hiffh 
or  h>n',  north  or  south,  east  or  wext,  tts  tail  invariably  j>oiiitB  aieag 
from  that  ])uint  in  thcwcHt  where  tlicdcjiartingiunlight still  lingcn. 
A^in,  a  onniet  ir  wntohed  in  tlie  early  morning,  »nd  if  the  eye  be 
moved  from  the  iitnoi>  where  tliu  lirttt  strealc  of  (biwn  i»  ii]>[>e«ring  to 
the  head  of  the  comi^t,  tliou  along  that  direction,  str^-amiu^  awny 
from  the  sun,  is  found  the  tail  of  the  comet.  Thia  law  \»  of  stiH  more 
general  application.  At  any  season,  at  any  hour  of  tlie  night,  the 
tail  of  a  comet  must  be  directed  away  from  the  sun.  Tho  eon  is, 
of  conrse,  on  some  point  of  the  hemisphere  below  our  fi'ol ;  dmw 
a  great  circle  from  the  Hun,  ]>assing  above  the  horixou  tn  the  liead 
i.f  the  eomct,  then  the  direction  of  the  comet's  tail  will  fuHow  the 
continuation  of  that  circle. 

From  the  earliest  times  Uiis  fact  in  the  moTcment  of  oometa 
must  have  arretted  the  attention  of  those  who  pondered  on  the 
nuivcments  of  the  heavenly  bodies.  It  is  a  fact  patent  to  ordinary 
ohttervaiion,  it  dfiiend.i  on  no  teleaoopic  researeb,  nor  is  it  ibe 
rcKult  of  any  elaborate  mathematical  diKtiission.  It  is  the  one  fa«t 
which  giv'es  some  degree  of  consistenvy  to  the  mnltitudinoiw 
phenomena  of  cometx,  and  it  mn«t  Ih-  mudc  the  basis  of  nur 
inquiries  into  the  structure  of  the  lailsi. 

In  the  adjoining  figure,  Fig.  5S,  wc  sh«w  a  portion  of  tbi> 
parobolic  orbit  <if  a  comet,  and  we  also  represent  the  position  of  the 
tail  of  the  comet  at  various  points  of  its  ptith.  It  would  be,  porbajM, 
going  too  far  to  assert  that  throughout  the  whole  vast  Journey  of 
Uie  comet,  its  tail  must  always  be  directed  from  the  buu.  In  the 
first  place,  it  must  be  recollected  that  we  can  only  see  the  comet 
during  that  small  part  of  its  journey  when  it  is  approaching  to  or 
receding  from  the  sun.      It  is  also  to  be  remembered  that,  wbiU 
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acttully  passing  round  the  sun,  the  brillinncy  of  tli«  comet  ia  m 
overpowi>ro(]  br  the  sun  tlut  the  comet  oftvn  becomes  inviciblt, 
just  as  the  stars  ure  invisiblv  in  daylight.  But  with  these  obmiu 
<|iialif)cati')n8  we  cun  assert  tliat  the  tail  is  nlways  directed  ftwaj 
from  the-  sun. 

Ill  u  hiuttr  oonsiderattun  of  the  Hubjcct  it  might  he  thou^it  that 
at  the  comet  was  doshiiifr  along  with  itn  enormous  vehwitjr  the  tail 
was  mert'ly  streaming  out  behind,  jiwt  m*  the  shower  of  iE|>ark.t 
from  II  rocket  nrc  utrcwn  aloitg  the  piilh  winch  it  followa.     This 


Fig.  as.— Tliv  T«it  of  •  ConMt  dicactod  frain  tlM  Sun. 


wouttl  be  an  entirely  orroneouH  nnnlogy ;  the  comet  i*  moving  not 
through  an  atmosphere,  but  through  0[)cu  irpae«,  where  there  ii  ao 
medium  suflieivnt  to  sweep  the  tail  into  the  directtoa  of  motion. 
Another  very  rvmiirlcable  fn^ttirv  is  tltc  gradual  growth  of  the  tail 
iM  the  comet  approocheat  the  tun.  While  the  body  is  etill  at  a 
great  distance  it  hat  usually  no  perc«ptible  tail,  but  as  it  draws  in 
the  tail  gradually  <leve1opes,  and  in  tome  cases  reaches  the  mott 
stupendoOB  dimensions.  It  it  not  to  be  supposed  that  this  increase 
is  a  mere  optical  conse<iuc»ce  of  tlie  body  coming  nearer  the  varth. 
It  can  be  shown  that  the  growth  of  the  tail  is  enormously 
greater  than  it  would  he  possible  to  explain  merely  by  the  approach 
iif  the  comet.  We  are  thus  led  to  connect  the  formation  of  the 
tail  with  the  approach  to  the  sun,  and  we  are  aooordingly  in  tbt 
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presence  of  an  enigma  which  has  but  Httl«  analogy  amoDg  tbo  otltBr 
bodies  of  our  By»tem. 

That  the  coitivt  Ait  a  whole  is  attracted  by  the  buq,  there  can  he 
no  doubt  whatever.  The  fa^^t  that  it  movee  iu  »q  ellipse  or  in  a 
pftnbola  proves  that  the  two  bodies  net  and  re-act  on  e»ch  other 
in  obedience  to  the  lav  of  unirental  gravitation.  But  while  tluB 
is  true  of  the  comet  ns  a  whole,  it  ia  no  leea  certain  that  tbe  tail 
of  the  comet  't»  rfpelM  by  the  kuh.  It  is  int|>osstbIc  to  apeak  with 
eertaibty  a«  to  how  thin  c»me«  about,  but  the  faota  of  tbe 
seem  to  point  to  an  expUnatioD  of  the  following  kind. 

In  the  muterialii  composing  a  cornet  we  liave  some  one  or  more 
ingredientit  which  give  ri«c  to  tlie  tail.  Aa  the  comet  drawa  near 
the  sun  and  expcnenccM  tlie  invigorating  effect  of  inoreaaod 
heat,  tbcac  ingredienta  become  melted  and  driven  off  intn  i-apour. 
It  woold  seem  that  though  these  substances  iu  their  solid  atata 
aie  duly  attracted  to  the  nun,  yet  when  driven  into  vapour  of  a 
highly  rarefied  type  tlie  heat  of  the  sun  exerts  on  that  X'apour  a 
repellent  power  which  entirely  overcomes  the  attraction,  and  ac- 
cordingly drives  the  vapour  olT  in  a  din'Ction  ))ointing  away  from 
tbe  BUD.  We  are  tbuii  to  rt^rd  tlte  tail  aa  a  stream  of  smokv 
or  vapour  rapidly  flying  away,  and  constantly  renewed  from 
the  evaporation  of  fresh  materials  so  long  aa  the  comet  remains 
sufficiently  uear  to  the  ^tiin.  This  cxplnniition  will  give  a  plauaiblo 
reasou  for  the  direction  of  the  tuil,  and,  indee<l,  it  seems  impoaaibl« 
to  believe  that  the  tail  could  be  whirled  around  tbe  sun  with 
sufficient  rapidity  if  it  were  really  a  continuous  object. 

\a  to  the  nature  of  the  repulsive  force  ivhich  we  must  poatulatt* 
for  the  formation  of  the  tail,  we  are  not  yet  in  a  position  to  ajirak 
with  absolute  certainty.  It  is,  however,  imjioasibto  to  omit  •omff 
account  of  the  remarkable  researches  of  Professor  Brodi<'hin, 
which,  when  taken  in  combination  with  tbe  susgestions  of  Pro- 
lisaaor  Osborne  Reynolds  and  of  others,  affoid  at  least  a  probab)» 
tzplanation  of  tbe  phenomena.  Professor  Brediohin  has  ooo- 
ductcd  hia  labours  in  the  strictly  philoeophical  manner  whivfa 
lias  already  led  to  all  the  great  discoveries  in  scienoe.  He  baa 
carefully  colUborated   tbe    measurements   and   drawings    of    tb« 
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tiull  oC  ?niODS  comets.  Hu  hat;  olitniiinl  one  result  from  tbis 
prclimitiity  part  of  liix  inquiry,  nhic-li  will  po^vcbs  a  va1u« 
tliut  cnniiot  be  nffcctH  «veD  if  the  ulterior  portion  of  his  labours 
should  be  found  to  rcjuirc  qualific&tioD.  In  the  examination  of 
the  tails  of  vkrioiu  t'omets,  it  i»  observed  that  tbv  curvilinear 
ahapn  of  the  outlinvN  fall  into  one  or  otliur  of  tlirvc  spt'c-iiil  types. 
In  the  first  typo  w«  have  tlie  »tT»ighte«t  tails,  which  jtoint  ulmoat 


Fig.  A9.— Bndkliin'*  Theory  ot  CooMiT  Tuk. 


directly  away  from  the  sun  in  a  straight  line.  In  the  next  typ« 
we  hare  tails  which,  while  still  starting  away  from  the  sun,  are 
onrred  backwards  from  the  direction  towards  which  the  eomet 
is  moving.  Id  the  third  type  we  find  th«  toil  cuired  in  still 
mor«  towards  the  comet's  path.  It  can  be  shown  that  the  toils 
of  comets  can  almost  invariably  be  identified  with  one  or  other 
of  these  three  groups ;  and  in  cases  wbere  the  oom«t  exhibits  two 
tells,  as  has  soraetimes  happened,  then  both  of  these  tails  will  Iw 
found  to  bd(»tg  to  one  or  other  of  the  types. 

The  adjoining  diafpum  (Fig.  59}  is  a  aketvh  of  on  imaginary  ooni^ 
V  2 
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ftirni«hcd  with  Uils  oE  the  thr«e  differoat  tj-pes.  The  dinctioo  in 
which  tli<!  comet  is  moving  U  sbown  by  the  arrow-liead  tm  tfat 
lii)«  fuuisiug  through  the  nucleus.  The  straighten  of  the  tlirc«  tnili, 
mnrkiH]  aa  'I'j'l'^  ^->  '^  moat  prohahly  due  to  the  element  hjilrogva ; 
tliu  taila  of  tli(!  iieoDnd  type  are  due  to  the  prescuce  ot  »omc  of  the 
hydro-ourbona  iu  the  body  of  the  comet ;  while  th«  mull  tuli  of 
tlie  third  tyi>e  may  be  due  to  iron  or  to  chloriae,  or  to  som«  otbiT 


Fig.  eo.— TkU*  ot  tlio  Canot  of  IBSft. 


elanent  with  a  hi^h  atomic  veight.     It  will  of  coune  be  noder- 
atood  that  this  in  not  llii.>  virw  of  nny  acttial  comet. 

A  very  beautiful  iUujtmttOD  of  thia  theory  u  affordtsl  in  the 
CttEO  of  the  celebrated  oomet  of  IS&S  already  referred  to,  nf  wliidi 
a  druwing  is  ghown  in  Fig.  60.  W«  ace  liere,  besides  tlie  gr«*t  tailj 
which  it  tho  characteristic  feature  of  the  comet,  two  other  faint 
Btreak*  of  light.  These  are  really  the  edgee  of  the  hollow  ooM 
whicli  form*  n  tjiil  of  Type  I,,  and  when  we  look  ttirtiagih 
tbe  central  regions  it  will  bo  easily  understood  that  tho  lijght 
b  not  aufficicntly  iiit4m)tc  to  bo  visible;  at  the  vdge«,  however,  a 
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fcood  thiclcneitR  of  the  cometary  nuUer  ja  looked  tlirou^k,  and  tlius 
we  h»vc  till-  np{icjiniiice  shown  in  this  figure.  It  would  seem  Uiat 
Donati's  comet  poK«?»«ed  one  tail  due  to  hydrofft-n,  and  another  due  to 
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BOme  of  tlM.'  comitoiind*  of  oarixm.  The  carbon  corajwuDdi  involved 
seeiu  to  be  of  coDndcrable  vkriety,  and  there  la,  in  oouseqnenee, 
a  diepositioti  in  Ui«  taiU  of  the  aecond  type  to  ■  dioto  tndefinita 
outline  than  in  tlii<  )iydrug<«  toila.  Cases  have  been  rMord«d  in 
which  MvemI  laila  have  been   aeen  aimultaneouRly  on  tbo  same 
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eompt.  TIio  niont  wlvbmtwl  of  (liwe  w  tli«t  whifh  appeared 
tho  year  1744,  nad  is  now  known  as  Cheseaux'ti  coniot.  Profcasnr 
Bnidiclun  hoe  devoted  Hpecinl  attention  to  the  theory  of  this  nuir- 
vclloas  object,  und  he  lia«  Kfaown  with  a  high  degree  of  pfobability 
how  the  miiltiforin  tail  cotdd  be  accounted  for  on  his  theory. 

It  is  jKissihlv  to  suhmit  some  of  tho  questions  inrolved  to  tho  tmt 
of  eaJeuUtion,  and  it  can  he  shown  that  tho  repulstre  force  adeqaat« 
to  iirodoce  the  very  straigh  test  tail  of  Tj-pe  I.  need  only  bo  i^iout  twelve 
times  as  large  as  the  attraction  of  gravitation.  Tails  of  the  BCcond  type 
could  be  produced  by  a  repulsive  force  which  was  eqaal  to  gravita- 
tion, while  taiU  of  the  third  tj-pe  would  only  require  a  reputaive 
force  of  one-quarter  the  power  of  (gravitation.  Tbe  chief  reimbiive 
force  known  in  nature  is  derived  from  electricity,  and  it  has 
naturally  be«n  surmised  that  tbe  phenomena  of  oomete*  taibi  art 
really  due  to  the  electric  condition  of  the  sun  and  of  the  comet.  ^H 
can  he  shown  that  when  the  cometary  substancw  are  driven  in^^ 
vapour  by  the  heat  of  the  sun,  the  electric  repaleion  may  eajual — 
may  even  (greatly  exceed — gravitation,  and  tliue  produce  ibv  phe- 
uomena  which  are  obferved.  It  would  Im  premature  to  a««ert  that 
tlic  ck-clrio  character  of  the  comet's  toil  has  been  absolutely  demon- 
strated ;  all  that  t^un  be  said  is  that,  iut  it  seems  to  account  for  tbe 
observed  facts,  it  would  be  undesirable  to  introduce  some  inen 
hypothetical  rcimlHive  force.  It  muNt  be  remembered  that  on  quite 
other  gninndit  it  'w  knon-n  that  the  aun  is  tbe  seat  of  certain  electri^H 
phenomena.  ^| 

As  the  oomet  gradually  recedes  from  tbe  sun  tbe  heat  nWtes, 
the  evaporation  ceases,  the  repulsion  has  no  longer  any  obioct  on 
which  to  exercise  its  power,  and  accordingly  we  find  tbe  tail  of 
the  comet  declines.  If  the  comet  be  a  periodic  one,  tbe  same  aericM 
of  changes  may  take  place  at  its  next  return  to  perihelion.  A  nei^l 
tail  is  formed,  which  aleo  gradually  disappears  as  the  comet  renins 
the  depths  of  space.  If  we  may  employ  the  analogy  of  terrestrial 
vapours  to  guide  tia  in  our  reasoning,  then  it  would  seem  that 
as  tlie  oomet  retreats  its  tail  would  condense  into  myriads  of  amall 
particles.  Over  these  small  imrticles  the  law  of  gravitation  Would 
reaome  its  sway,  no  longer  obscured  by  the  superior  efficiency 
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tliv  rvpiilsion  produced  by  beat  octtn^  on  tlie  va[>our.  The  ma» 
of  the  comet  ie,  however,  eu  extremely  smaJl  tb»t  it  would  not  be 
4ibl«  to  recall  these  particles  by  the  mere  force  of  attraction.  It 
follows  that,  as  the  comet  at  each  perihelion  passage  makes  a  tail, 
it  must  on  each  occasion  sacrifice  a  correepooding  quantity  of  tail- 
making  material.  Let  us  suppose  tliat  the  comet  was  endowed  in 
th«  beginning  with  a  certain  capital  of  those  particular  matortaU 
which  are  adapts  for  the  production  of  tails.  Each  perilieliou 
l)ii«sagc  witnesses  the  production  of  a  tail,  and  the  ex|>enditure  of  a 
coTTcsponding  proportion  of  thfl  capital.  It  Is  obvious  that  thii 
opcmtion  cannot  go  on  indeGnit«Iy.  In  the  case  of  the  great 
majority  of  «ometa  the  visits  to  perihelion  are  bo  oztrcmely  rare 
that  the  oonaequcnccs  of  the  extravagance  are  not  very  apjiarent ; 
but  io  tlw  case  of  those  periodic  cometa  which  have  abort  period* 
and  frequent  rvtums,  the  consequences  are  precisely  what  might 
have  been  anticipat«d :  the  taiUmaking  capital  has  bocn  gradually 
squandered,  and  thus  at  length  we  have  the  frequent  apectacle 
of  a  comet  without  any  tail  at  all. 

It  is  not  a  little  remarkable  that  some  of  the  materials  present 
in  a  comet  arc  identical  with  substaneei  which  are  familiar  on  the 
earth,  llie  most  notable  instance  is  the  element  carbon.  This  ta 
especially  interesting  when  we  reflect  on  the  significanctt  of  carbon 
on  the  tiirlh.  We  know  tlval  carbon  is  one  of  the  most  abundant 
and  the  most  imjiortant  of  the  clemnits.  ^Ve  nee  it  a«  the  chief 
constituent  of  all  vegetable  life ;  we  find  it  to  Iw  invariably  pretent 
ID  animal  life — and,  ind(-«d,  in  all  organic  Hubstances.  It  is  an 
interesting  fact  that  this  element,  of  nuch  tniiucendent  im{>ortanc« 
on  the  earth,  should  now  have  been  pn>VL-d  to  be  pretent  in  LheM 
wandering  bodies.  Although  no  one  suggests  that  a  comet  could 
be  the  abode  of  life,  yet  it  is  certainly  a  signiSoant  ditoovery 
that  the  most  important  factor  in  the  material  aubatntum  of  life 
has  now  been  shown  not  to  be  limited  to  the  Bur&oe  of  the  eutb, 
but  to  be  as  widesprcwl  a*  cometa  themselvee. 

To  say  that  «irbon  is  a  constituent  of  comets  is,  indeed,  to 
altributo  to  that  element  a  presence  throughout  the  length  and 
breadth,  the  depth  and  the  height,  of  the  material  univerae.    Ther^ 
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IB  no  (iuart«r  of  the  lieiivens  from  whidi  oomctK  may  not  appear. 
Tbej  esist  in  each  profusion  that,  as  Kepler  said,  tbere  may  be 
more  comets  in  the  sky  than  there  nre  fishe*  in  tlie  ocean ;  and  aa 
to  the  distance  to  which  comets  recede  in  their  wanderingv,  or  fnoi 
which  they  may  be  drawn  into  onr  eyetem,  itii  calculut^ou  Imffles 
all  astronomical  measurement.  We  are  in  tbe  habit  of  regarding 
the  orbits  of  most  comets  as  sensibly  of  a  parabolic  ithape;  and 
assuming  this  to  he  the  ease,  let  us  ask  the  law  of  gravitation  to 
describe  the  history  of  one  of  these  wnuderera. 

Far  away  in  the  depthK  of  spaee,  at  a  distance  so  remote  that 
ftoiD  it  our  earth  and  the  other  planets  ate  all  invisible,  and  from 
which  even  our  sun  bas  l)een  dwarfed  to  the  magnitude  of  a  mere 
star,  lies  tbe  future  comet.  Tliroughout  the  mighty  abyss  whicb 
iQt«rveDes  between  the  comet  and  tlie  siio,  the  law  of  gravitstioD 
raijTDB.  Under  its  influence  the  comet  begins  to  approach  the 
Eun.  The  force  is  so  enfeebled  by  the  effect  of  distance  that  at 
first  the  movementa  of  the  comet  are  very  slow.  Years  roll  o« ; 
the  comet  is  still  found  to  be  approaching,  and  tbe  motion,  though 
still  extremely  slow,  has  mode  some  slight  improvement.  Ceuturiea 
roll  00,  and  thousands  of  years  roll  on,  and  now  tbe  comet  is  men 
to  be  rapidly  approaching.  The  distanee  decreases  and  the  xpeed 
increases.  The  attraction  of  the  sun  has  now  inerensed  greatly, 
owing  to  the  diminished  distance;  and  the  comet  at  length,  with 
an  appalling  velocity,  amounting  to  hundreds  of  miles  a  Be<x>iM)f 
whirls  around  the  sun,  and  in  a  few  hours  commences  its  retrrat. 
The  mighty  velocity  of  the  body  now  tends  to  carry  it  away  from 
the  sun,  while  the  whole  efficiency  of  the  solar  attraction  ia  ex- 
pended in  the  effort  to  recall  it;  but  the  comet — if  ita  orbit  ha 
such  lu  we  are  here  considering — will  not  be  recalled.  The  efFrct 
of  the  Min's  attraction  will  speedily  abate  the  velocity  of  thir 
motion.  The  comet  retreats  precisely  as  it  appnoaclied.  The 
lapse  of  a  year  after  it  has  left  the  sun  finds  the  comet  aa  far 
OS  it  was  a  year  before  it  reached  the  sun.  The  same  is  true  for 
100  years — for  1,000  year*.  More  and  more  slowly  will  the  comet 
retreat  as  it  gntduHlly  sinks  into  the  depths  of  space.  It  tiover 
can  entirely  escape  from  the  sun's  attraction.     With  cv«r<abati[^r 
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velocity  it  will  leoede  fnrther  and  farther,  but  never  again  to 
return  to  oar  system. 

Such  is  a  brief  outline  of  tlie  principal  facts  known  with  regard 
to  these  most  interesting,  but  most  perplexing  bodies.  As  to  tite 
origin  of  comets,  it  is  impossible  to  offer  more  than  a  conjecture. 
It  has  been  supposed  that  they  may  have  been  merely  drawn  into 
our  system  from  the  depths  of  infinite  space.  It  has  also  been 
suggested  that  possibly  comets  may  have  originated  in  oar  system 
—that  they  may,  in  fact,  have  been  merely  fragments  driven  off 
from  the  sun  himself.  We  must  be  content  with  the  mere 
recital  of  what  we  know,  rather  than  with  attempting  guesses  abont 
matters  beyond  our  reach.  We  have  confined  our  remarks  to  the 
humbler,  but  more  certain  process  of  indicating  the  part  which 
comets  play  in  the  solar  system.  We  see  that  comets  are  obedient 
to  the  great  laws  of  gravitation,  and  afford  the  m(»t  striking 
illustration  of  their  truth.  We  have  seen  how  modem  science  has 
dissipated  the  fear  and  the  superstition  with  which,  in  earlier  ages, 
the  advent  of  a  comet  was  regarded.  We  no  longer  regard  a  comet 
as  a  sign  of  impending  calamity ;  we  may  rather  look  upon  it  aa  an 
interesting  and  a  beautiful  visitor,  which  comes  to  please  as  "-nA 
to  instruct  us,  bat  never  to  threaten  or  to  destroy. 
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BHOOnNO  BTABS. 

6m«U  fiodiaa  ot  our  Syitom — Their  Nninben — Unw  they  aro  Olaamd — ^le 
HhootiBg  8Ur— The  Th«oiy  ot  HMt—A  great  Shooting  Star— Tha  Novtmher 
MatMn — 'nieir  Audsnt  Hiitory — The  Boute  (oUoired  b^  the  ShosI— Di>gnm 
(4  Uie  8ho«l  of  Uet«on^-How  the  Bhoal  beoomeB  Spread  oat  alon^  it*  Btth— 
AbaoTpAm  of  Met«an  by  the  Sarth— The  Diioovny  of  the  BelatioD  betwav 
Kateon  aod  Cometa— The  lemarkablo  Inveeligatioai  conoarniiig  the  NoYontMr 
Ketecni — Two  Showen  in  Sucoetnve  Years — No  Particle*  h»Ta  orer  been 
Tilfnfflrl  from  the  great  Shooting  Star  Showen — Heteorio  Stones — CShladnTi 
BMeanshea—Eatly  Caaea  of  StoneEfillt— The  Ueteorite  at  Rnajihrim — CoU 
laoticnu  of  Meteoiitea — The  Bowton  Biderite — Belative  frequency  of  Iron  ami 
fibm J  Heteoritei — Fragmentarj  Character  of  Meteoiitea — NoBeaaoDtaconnoat 
Hetaoiites  vith  Comet* — Tioheniiak'a  Theory — EBaots  td  Gtoavitatioii  aa  a 
M'TlPl*  ejected  from  a  Volcano — Oau  they  have  oomc  from  the  Uoon  ¥ — The 
Claim*  of  the  Minor  Planeti  to  the  Parentage  of  Meteorite* — Poaaible  Toraa. 
trial  Origin— The  Orifak  Iron. 

Ik  the  preceding  chapters  we  have  dealt  with  the  gigantic  bodies 
which  form  the  chief  objects  in  what  we  know  as  the  solar  system. 
We  have  studied  mighty  planets  measuring  thousands  of  miles  in 
diameter^  and  we  have  followed  the  movements  of  comets,  whose 
dimensions  are  to  be  told  by  millions  of  miles.  Once,  indeed,  in  a 
previous  chapter,  we  have  made  a  descent  to  objects  much  lower  in 
the  scale  of  magnitude,  and  we  have  examined  that  numerous  class 
of  small  bodies  which  we  call  the  minor  planets.  It  is  now,  however, 
our  duty  to  make  a  still  further,  and  this  time  a  very  lon^  step, 
downwards  in  the  scale  of  magnitude.  Even  the  minor  planets 
must  be  regarded  as  colossal  objects,  when  compared  with  those 
little  bodies  whose  presence  is  revealed  to  us  in  a  most  iDterestiog, 
And  sometimes  in  a  most  striking  manner. 

These  small  bodies  compensate  in  some  degree  for  their  minute 
size,  by  the  enormous  profusion  in  which  they  exist.  No  attempt, 
indeedj  could  be  made  to  tell  in  figures  the  myriads  in  which 
they  swarm  throughout  space.  They  are  probably  ot  very  vMried 
dimensionB,  some  of  them  being  many  pounds  or  perhaps  tons  m 
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weight,  while  other*  wsem  to  be  not  larger  than  \<ehh\e*,  or  even 
than  graioB  of  swid.  Yet,  inHgniiicaat  m  these  bodies  miij-  seem, 
the  great  sun  himself  does  not  diadain  to  accept  their  contn>l. 
Each  partic-Ie,  whether  it  be  as  small  m  Ihe  mot«  in  a  -unbatm 
or  aa  mighty  an  the  pUiiet  Jupiter,  will  i^rform  ita  path  around 
th«  sun  in  eonformit)'  with  the  law*  of  Kq>ler. 

Who  doe»  not  know  that  very  beautilul  occurrence  which  «■« 
oall  a  shootinff  star,  or  which,  in  it«  more  splendid  forms,  is  Bome- 
timen  called  a  meteor  or  fireball?  It  is  to  objects  of  this  class 
that  we  are  now  to  to  direct  our  attention. 

A  unall  \ittdy,  perhaps  aa  Urge  as  a  paving-stone  or  larger, 
more  often  imtIiojis  not  ns  large  as  a  marble,  is  moving  round  tlio 
«un.  Jurt  lui  a  mighty  planet  revolvt*  iu  an  ellipse,  so  this  small 
object  will  move  round  and  round  in  an  ellipse,  with  the  sun  in  the 
focu*.  Therfl  are,  at  the  present  moment,  inconceivable  myriads 
of  such  meteors  movin;;  in  this  miinner.  They  are  too  small  and 
too  distant  for  our  telcscopv-s,  and  we  «m  never  see  thcni  excejit 
under  extraordinary  oircumstances. 

At  the  time  we  see  the  meteor  it  is  usually  moving  with 
enormous  velocity,  so  that  it  often  truv<-rses  a  dtKtiince  of  more 
tlwn  twenty  miles  iu  a  second  of  time.  Such  a  velocity  in  almost 
impossible  near  the  earth's  surface  :  the  renttaDoe  of  the  air  would 
prevent  it.  Aloft,  in  the  emptiness  of  ejiace,  there  is  no  air  to  resist 
the  meteor.  It  may  have  Wen  moving  round  and  round  the  sun 
for  thonsands,  ja-rhnjis  for  millions  of  years,  without  let  or 
bindmnee;  but  the  supreme  moment  arnves,  and  the  meteor 
perishes  in  a  streak  of  splendour. 

In  the  course  of  its  wanderings  the  body  comes  near  the  earth, 
and  within  a  few  hundred  miles  of  its  surface  of  course  liegins  to 
encounter  the  upper  surface  of  the  atmospWru  with  which  the 
earth  is  enclosed.  To  a  body  moving  with  the  appalling  velocity 
of  a  meteor,  a  plunge  into  tlie  atnioaphere  is  usually  fatal.  Even 
though  the  upper  layers  of  air  are  excessively  attenuated,  yet  they 
•uddenly  check  the  velocity,  almost  as  &  rifle  bullet  would  be 
checked  when  fired  into  water.  As  the  meteor  rushes  tluough  the 
atmoaphere  the  friction  warms  the  surface  of  the  meteor;  gndually 
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it  bocomcB  rcd-tiot,  becomes  whtte-liot,  sod  is  uGually  driven  off 
into  ritpoiir  with  n  brilliant  light,  while  we  on  the  rarth,  on«  or  two 
hundred  milcB  below,  excl»im  :  "Oh,  look!  thero  is  a  iibooti&^ 
rtftr." 

We  have  here  on  a  very  stiiliing  scale  an  eipcrimcnt  illti»- 
tratiiig  the  mechanical  theory  of  heat  It  may  6«etn  incicdiU* 
tliat  mi-rc  friction  should  be  sufGcient  to  generate  bent  cDou|{h  to 
produeo  eo  brilliant  a  dieplay,  but  we  muet  recollect  two  f act« :  Hint, 
that  the  velocity  of  the  meteor  is,  perhaps,  one  hundred  times  tlut  of 
a  rifle  bullet ;  and  second,  that  the  efficiency  of  friction  in  derelop- 
ing  heat  i»  proportioned  to  the  mjiiare  of  tho  velocity.  The  meteor 
in  piiNtiiig  through  the  air  must  therefore  be  lieatcxl  by  the  frictioo 
of  the  air  iibout  ten  thousand  times  as  much  as  the  rifle  bullet  b 
heated.  We  do  not  make  an  exa^crat4.>d  c«timat«  in  suppoeiag 
that  by  its  niKh  through  the  air  the  ri(Ic  bullet  beeumes  heated 
tendc^ree«;  }'ct  if  this  be  admitted,  wc  muit  grant  tJuit  there 
would  be  sucb  an  enormous  development  of  b«at  attending  the 
flight  of  the  meteor  lliat  even  a  fraction  a£  it  would  be  oumcient 
to  drive  the  object  into  vapour. 

Let  us  first  consider  the  circumstances  under  which  theao  MC- 
temal  bodies  are  manifested  to  us,  and  for  the  sake  of  illua. 
tntion,  we  may  take  a  remarkable  (ire-ball  tvhioh  occurred  no 
November  6th,  ISG'J.  This  tire-ball  was  extensively  seen  (rum 
different  parts  of  England  ;  and  by  combining  and  comparing  thoM 
observations,  we  obtain  accurate  information  as  to  the  height  of 
the  object  and  the  velocity  with  which  it  travelled. 

It  appears  that  this  meteor  commenced  to  be  visible  at  « 
point  ninety  miles  above  Frome,  in  Somersetshire,  and  thut  it 
disappeared  at  a  point  twenty-se%'eu  miles  over  the  sen,  n«ar  St. 
Itcs,  in  Cornwall,  both  the  path,  its  height,  and  the  priticiiMl 
1ociiliti(«  from  which  it  was  observed  being  shown  in  the  map 
(Fig.  6i).  The  whole  length  of  its  course  was  about  170  milesr 
which  was  performed  in  a  period  of  five  secouds,  thus  {jiving  an 
average  velocity  of  thirty-four  miles  per  second,  \  retnarkabte 
feature  in  the  appearance  which  this  (ire-ball  presented  was  tho  Inog 
penifitcnt  streak  of  luminous  cloud,  about  fifty  miles  loof  and  foor 
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mile*  wide,  which  remained  in  sight  for  fully  fifty  miniiU«.     Vi'e 
huTO  in  thtM  exnmiile  an  illustration  of  the  chief  fcaturvs  of  the 
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phmomfiui  of  n  uliooting  HtAr  prateotcd  tm  a  very  grand  ecitle. 
It  is,  hotvevrr,  to  he  obverved  that  the  pcrttstent  latniDQos  sUvak 
iii^not  a  ooiverMil,  nofj  iDd«od,  u  very  oommon  clutraeteristic  of  » 
eh'Miting  iitar. 

The  sunll  objects  whtdi  occiuioiuilly  Aaali  across  the  fi«t4l  of 


S3i 


THE  SrOltY  OF  THE  BSArESS. 


} 


llio  tfkscope  ehow  ub  that  there  are  innumerable  telcscopit-  shoot- 
ing  stars,  toj  small  and  too  £ainb  to  be  visible  to  the  unaided  efm. 
These  object*  are  all  dissipated  in  the  way  we  have  duscribed  ;  it 
is,  in  fact,  only  at  the  moment,  and  <IuriDg  the  piooees  of  their 
di«soluttoi),  that  we  become  an-are  of  their  existence.  SmatI  as 
theee  roisailes  probably  are,  their  velocity  is  so  prodigioas,  that 
they  would  render  the  earth  uninhabitable  were  they  permitted  to 
rain  don'u  nnimjieded  on  its  surface.  We  mae\,  therefore,  amon^ 
the  other  ^food  qualities  of  our  atmosphere,  not  foi^t  tliat  it  coD- 
stitiites  a  kindly  sci-een,  which  shields  us  from  a  tempest  of  miasilei, 
the  velocity  of  which  no  artillery  could  equal.  It  is,  in  bflt* 
the  very  fury  of  these  missiles  which  is  the  cause  of  their  utter 
d<-9truction.  Their  anxiety  to  strike  us  is  so  great,  that  frictioa 
dissolves  them  into  harmless  vapour. 

Next  to  the  splendid  event  of  a  mighty  meteor  such  as  that  we 
have  just  described,  the  most  striking  occurrence  in  connection  with 
shooting  stars  is  what  is  known  as  a  shower.  Tltr»e  Rhowers  have, 
within  the  last  century,  attracted  a  great  deal  of  attention,  anil 
they  have  abundantly  rewarded  the  labour  devoted  to  them  by 
affording  some  of  the  most  interesting  astronomical  disoovcries  of 
modern  times. 

The  showers  of  shooting  stars  do  not  occur  very  frequently. 
No  doubt  the  quickened  perception  of  those  who  ospocioJIy  attewl 
to  meteors  will  detect  a  shower  when  others  mm  only  a  few 
straggling  shooting  stars ;  but  speaking  generally,  w«  may  my  that 
the  present  generation  can  hardly  have  witnessed  more  than  two  or 
three  such  occurrences.  I  have  myself  seen  two  great  showvra,  ana 
of  which,  in  Xovcml>er,  1 866,  liuit  impressed  it«clf  on  lay  memory  aa 
a  most  glorious  astronomical  KjH-ctaele. 

To  commence  the  story  of  the  November  meteors  it  ia  necesttry 
to  look  back  for  nearly  n  thounind  yean.  In  the  year  902  occart«d 
the  death  of  n  Moorish  king,  and  in  connection  with  tliis  event 
an  old  clironiclcr  relates  how  "  that  night  tliere  were  bmd,  m  ti 
were  lances,  an  infinite  number  of  stars,  which  scattered  tliemsBlvw 
like  rain  to  right  and  left,  and  that  year  was  etilled  the  Year  of 
tie  Stars." 
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Nc  one  DOW  belicm  that  tho  heavonn  mt«itiled  to  commcmomte 
the  death  of  tho  kinf;  liy  that  dittgility.  The  record  is,  however, 
ot  considerable  imporUncc,  for  it  indicates  the  year  QiH  as  one  in 
which  a  great  shower  n[  shooting  Etarit  occurred.  It  waa  with 
the  gitatest  interest  tliut  nstninomcrB  perceived  that  thin  wiw  tht> 
first  recorded  instance  of  the  well-known  pt-riodicnl  shower,  one  of 
whose  regular  retumii  wc  saw  in  1 866.  l-Sirther  diligent  literary 
fiwoarch  has  revealed  here  «nl  there  records  of  startling  appear- 
ances in  the  heavens,  which  fit  in  with  the  successive  returns 
of  the  November  meteors.  From  the  first  inatanee,  in  902,  to 
the  present  day  there  liave  been  twentj'-nJne  visits  of  tie 
shower ;  and  it  is  not  nnlikely  that  these  twenty-nine  showen 
wero  all  more  or  lees  seen  in  some  parte  of  the  earth.  Some- 
times they  may  have  been  witnessed  by  savages,  who  hod  neither 
the  inclination  nor  the  means  to  place  on  record  an  appnritioa 
which  to  them  was  a  source  of  terror.  Sometimes,  however, 
thesM!  sliowcrs  were  witnessed  by  civilised  o  nun  unities.  Their 
nature  was  not  onderatood,  but  the  reconis  were  made ;  and 
in  some  cases,  at  all  events,  these  records  have  withstood  th© 
corrosion  of  time,  and  have  now  been  brought  tog«ther  to  illustiat« 
this  curious  subject.  We  have  altogether  hiidorical  notices  of  twelve 
of  these  showers,  mainly  collected  by  the  industry  of  Profesoor 
Newton,  whose  laboura  have  contributed  so  much  to  the  advance- 
ment of  our  knowledge  of  shooting  stars. 

Let  lis  imagine  nn  enormous  shoal  of  shooting  stars  moving  in 
space.  Think  of  a  shoal  of  herrings  in  the  ocean,  exteiuling  over 
tnoiiy  s<iuarc  miles,  and  containing  oountloM  myriails  of  indi- 
viduals ;  or  think  of  tho*c  enormous  Docks  of  wiU  pigeons  ia 
tho  United  State*  of  which  Audnbon  Ins  told  us.  The  shoal  of 
shooting  stars  is  perb^w  much  more  numerona  than  the  herrings 
or  the  pigeons.  Tho  sbix>ting  atan  an,  howaver,  not  veiy  ehm 
together ;  they  are,  on  an  average,  proliably  soma  few  miles  apart. 
The  actual  bulk  of  the  shooting  star  shoal  is  thertforu  prodigious; 
and  ita  dimensions  are  to  be  measured  by  hundrctis  of  thottsands  of 
miles. 

Tlttt  meteors  cannot  ehooae  Uteir  own  track>  like  tUe  sboo]  of 
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hetnn^,  for  tlicv  are  «oiiijicllnl  to  rollow  tlie  route  which  is 
preecril)C(l  to  tlicin  hy  the  sun.  I'kch  one  pursues  iu  own  ellijise 
in  oomplottf  independence  of  iU  neighbour,  and  a«compIisbes  ita 
mif^hty  journey,  thnusandi)  of  niillioii))  of  miles  in  leDf^h,  evert' 
thirty-three  yeare.  We  cannot  see  the  met«ors  in  the  jester  part 
of  their  orbit.  Tliere  are  countless  myriads  of  the  meteors  at  this 
very  moment  coursing  round  their  path.  The  ifreat  shonl  is  at  present 
(1885)  fur  nut  from  the  sun,  but  we  know  tliey  are  there,  though 
vre  Iwvi'  not  seen  them.  We  know  it  precisely  in  the  same  way 
as  we  know  that  there  are  herrings  in  the  aea.  We  have  not  s«en 
tJic  herrings  at  present  in  the  sea :  they  ore  not  oEt4.-n  seen  until 
they  ore  caught ;  eo  it  is  with  the  meteors ;  we  never  see  them  till 
the  earth  catches  them.  Every  thirty-three  yeare  the  earth  catches 
these  meteors  just  as  suc^cessfully  as  the  fisherman  catches  herring*, 
and  in  very  much  the  same  way,  for  while  the  fisherman  spreads  his 
net  in  which  the  fishes  meet  their  doom,  so  the  earth  spreads  out 
the  atmosphere  wherein  the  meteors  perish.  \Ve  arc  told  tlut 
there  is  no  fear  of  the  herrings  getting  exluasted,  for  all  the  linher- 
men  catch  are  as  nothing  compared  to  the  boundleBs  profusion 
in  which  they  exist.  We  may  held  the  same  langua^  true  witli 
n^ard  to  the  meteors.  They  exist  in  such  myriads,  that  though  tlw 
«artli  swallows  up  millions  each  thirty-three  yeara,  yet  plenty  at* 
»lill  left  for  future  showers.  The  diagram  (Fig.  63)  will  expluin  tba 
way  in  which  the  wirth  spreads  her  net.  We  there  sec  the  orhtt  ia 
which  the  earth  moves  around  the  son,  as  well  as  tJte  elliptio  |»th 
of  the  meteors,  thoi^h  it  should  be  remarked  that  it  is  not  ooD- 
venient  to  draw  the  fif>iire  exactly  to  scale,  so  that  the  path  oF  the 
meteors  is  relatively  mucJi  lar(;er  than  here  rcprGsonted.  Once  a 
year  the  earth  accomplishes  its  revolution,  and  hetwe«n  the  12th 
and  the  1 4th  of  November,  crosses  the  track  in  which  the  meteon 
move.  It  will  usually  happen  tlut  the  great  shoul  is  not  at  Ibis 
point  when  the  earth  is  [ussing.  There  are,  hnwcver,  some 
etragglers  all  along  the  path,  so  that  the  earth  ustiuDy  obtaiiH 
a  few  of  the*c  every  year  iit  this  date.  They  dart  into  our  atmoa- 
phcre  M  shooting  ftars,  and  form  what  wc  usually  8)>eak  of  aa  tJM 
Kuvcmbcr  mcttors. 
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It  will,  howev«r,  occasionaUy  happen  that  wlkeu  the  eartli  is  in 
the  act  of  cnmittg  ikn  track  it  encouoten  tb«  dense  body  oF 
meteon.  Through  the  miffhty  shea)  the  esrtJi  tlien  ])lung««, 
cnvelc>[)od,  nf  course,  with  the  surrounding  coat  of  air.  Into  this 
net  tile  niet4>ora  dash  in  coanllees  myriads,  iic%-«r  again  to  emerge. 
Ill  u  few  hours'  time,  the  earth,  moving  at  the  rate  of  eighteen 
mileii  a  second,  baa  crossed  the  track  and  emerges  on  the  other 
aiito,  bearing  with  it  the  spoils  of  the  oDCountcr.     The  remaining 
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metMM  111  the  shoal  continue  their  journey  witJiout  interruption  ; 
perhaps  millions  have  been  taken,  but  probably  hundreds  of 
milliontt  have  bei^n  left. 

Such  was  tliv  occurrerwe  which  astonished  the  world  on  the 
night  hetwern  November  13tb  and  14tb,  1866.  We  then  plunged 
into  the  middle  of  the  shoal.  The  night  was  fine ;  the  moon  was 
absent.  The  meteors  were  dtstinguished  not  only  by  their  enormous 
multitude,  but  by  their  intrinsic  magnirti-i^^nee.  I  shall  never 
forget  that  night.  On  the  memorable  evening  I  was  engaged  in 
my  usual  duty  at  tlut  time  of  observing  nebnlfs  with  Lord 
Roue's  great  reflecting  telescope.  I  was  of  cournc  aware  that  a 
shower  of  meteors  had  been  predicted,  but  nothing  that  I  had  beard 
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prepared  mc  for  the  splendid  epectacle  bo  soon  to  be  nnfolded.  I: 
was  about  ten  o'clock  at  night  wlien  an  exclamation  from  an 
attendant  by  my  side  made  me  look  up  from  the  telescope,  just  in 
time  to  see  A  fine  meteor  dasfa  across  the  sky.  It  was  presently 
followed  by  another,  and  tlien  again  by  others  in  twos  and  in 
threes,  which  showed  that  the  prediction  of  a  great  shower  was 
likely  to  be  verified.  At  this  time  the  Earl  of  Rosae  (then  Lord 
Oxmantown)  joined  me  at  the  telescope,  and,  after  a  brief  interral, 
we  decided  to  cease  our  observations  of  the  nebul»  and  ascend  to  th^ 
top  of  the  wall  of  the  great  telescope  (Fig.  6,  p.  17}  from  which  a 
clear  view  of  the  whole  hemisphere  of  the  heavens  could  be  obtained. 
There,  for  tbe  next  two  or  three  hours,  we  witnessed  a  spectacle 
which  can  never  fade  from  my  memory.  The  shooting  stare 
gradually  increased  in  number  until  sometimes  several  were  seen 
at  once.  Sometimes  they  swept  over  our  heads,  sometimes  to  the 
right,  sometimes  to  the  left,  but  they  all  diverged  from  the  east. 
As  the  night  wore  on  the  constellation  of  Leo  ascended  above  the 
horizon,  iind  tlien  the  remarkable  character  of  the  shower  was  dis- 
closed. All  the  fiiieks  o£  the  nietforK  radiated  from  Leo.  (See  Fig. 
7i,  p.  •ib''i).  Sunictimcs  a  meteor  appearcil  to  come  almost  directly 
towards  m,  and  then  its  path  was  so  fore-shortened  that  it  had 
hardly  any  apjireciiiWe  Icntjth,  and  looked  like  an  ortliiniry  iixeil 
star  swelling  itito  brilliancy  and  then  a»  rapidly  vanishing.  Oci-a- 
siimally  Inniiiioiis  trains  would  lin^T  on  for  many  minutes  after  the 
meteor  had  lliishcd  across,  but  the  gn."at  majority  of  the  trains  in 
this  shower  were  evanescent.  It  wuiild  be  impossible  to  saj  how 
many  thnusands  of  meteors  were  seen,  each  one  of  which  was  briirht 
enough  to  have  elicited  a  note  of  admiration  on  any  ordinary  night. 
The  adjoining  figure  (Fig.  (U)  shows  the  remarkable  manner 
in  wliich  the  shuoling  stars  of  this  shower  diverged  from  a  jHiiui. 
It  is  not  to  be  supposed  that  all  these  objects  were  in  view 
at  the  same  moment.  The  observer  of  a  shower  is  i>rovided  with 
ii  map  of  that  part  of  the  heavens  in  which  the  shooting  stars 
api*iir.  He  then  fixes  his  attention  on  one  particular  shooting 
star,  and  nliscrvcw  caR'fully  its  track  with  respi-ct  to  the  tixed  stare 
in  its  vicinity.     lie  then  draws  a  line  ujkiii  his  map  in  the  direction 
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in  which  the  shooting  star  moixd.  Rcpcuting  thc9ain«  observation 
for  sevCTsl  other  shootlnt;  etmn  belonging  to  the  Hhowvr,  his  map 
will  lutrdty  f&il  to  show  th»t  thtf  different  truckt  of  ahnoet  all 
till*  ttliooting  stars  li-ud  from  one  ]ioint  or  rej^ion  of  the  figure. 
ThiTc  uro,  it  in  true,  a  (ew  erratic  onvs,  but  the  majority  observe 
tixis  law.  It  oerlaioly  lookit,  at  tint  si(>ht,  on  if  all  the  shooting 
stars  (lid  actually  dart  from  this  point ;  but  a  littW  reflection  will 


Fig.  04.  — Kndiuit  I'biDt  at  SIiouUdk  ^Um- 
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tbow  that  this  i»  n  rue  iti  which  ttic  real  rootioD  i»  differvnt  fr«»in 
the  apparent.  If  thvn.*  lu-tnaUy  infrv  a  point  from  whieh  titese 
mdrorK  divt-rgetl,  then  from  difffreiit  pirtii  of  the  i-arth  tlie  point 
wonld  Im  seen  in  tlifferent  positions  with  mpect  to  tliv  fixitl  star*; 
but  this  is  not  the  ease.  The  radiant,  aa  this  [loint  ia  callvil,  is 
Men  in  the  same  part  of  the  hearens  from  whatever  station  the 
ifaon'er  is  visible. 

We  are,  thcrtforo.  led  to  accept  the  simple  explanalion  affonled 

by  the  theory  of  perspective.     Tboae  who  are  ac«)aaint)'d  with  the 

principles  of  this  HCience  know,  that  when  a  number  of  parallol 

lines  in  an  object  have  to  bw  i«preaeBt«d  in  a  drawinir  Ihev  ninst 

m  2 


li 


MO  THE  STOBT  OF  THE  HEAVEXS. 

ill  be  made  to  pas  tbrouffa  the  saune-  point  in  the  pl&ne  of  tli^ 
pictDre,  tmlesB  in  the  exceptional  case  where  tfaej  are  «1m>  laa 
parallel  to  the  pictore.  When  ve  ate  lookm^  at  the  shootk:; 
start,  what  we  reallv  see  are  only  the  projections  of  their  patb 
upon  the  surface  of  the  heavens.  From  the  buA  that  all  thiK^ 
paths  pass  through  the  same  point,  we  are  to  infer  that  the  shooi- 
in^  stars  belonging  to  the  same  shower  are  all  moving  in  panlVl 
lines. 

We  are  now  able  to  ascertain  the  actual  direction  in  which  tbf 
shooting  stan  are  moving,  because  a  lioe  drawn  from  the  ere  of 
the  observer  to  the  radiant  point  most  be  parallel  to  that  Unr- 
tion.     Of  coarse,  it  is  not  intended  to  conver  the  idea  that  throngb- 
out  all   space  the  shooting   stars  of   one  shower  are  moving  in   , 
parallel  lines;  all  we  mean  is,  that  during  the  short  time  in  wlucli  ' 
we  see  them  the  motion  of  each  of  the  shooting  stars  is  sensibly  >   j 
straight  line,  and  that  all  these  straight  lines  are  parallel.  I 

At  present  the  great  meteor  sboal  of  the  Leonids  (for  so  thi^  j 
shower  is  called)  has  accomplished  about  half  its  mighty  jouinej.  ' 
In  the  year  IS'iJ  it  attains  its  greatest  distance  from  the  sim. 
and  then  commences  to  return.  Each  year  the  earth  cross* 
the  orbit  of  the  meteors,  but  the  shoal  is  not  met  with,  and  tf 
shower  of  stars  is  perceived.  Every  succeeding  year  will  find  th^ 
meteors  approaching  the  critical  point,  and  the  year  l!^99  vn'^ 
bring  the  shoal  to  the  earth's  track.  In  that  year,  therefore, 
another  brilliant  meteoric  shower  may  lie  looked  for.  The  shi«l 
of  meteors  is  of  such  enormous  length  that  it  takes  more  than  i 
year  for  the  mighty  procesaion  to  pass  through  the  critical  portion 
of  its  orbit  which  lies  across  the  track  of  the  earth.  We  thus  se* 
that  the  meteors  cannot  escape  the  earth.  It  may  be  that  when  the 
shoal  begins  to  reach  thi»  neigh i>ourhood  the  earth  will  have  ju^  i 
left  this  ])art  of  its  path,  and  a  year  niii  have  elapsed  before  the 
earth  gets  round  again.  Those  meleors  that  hare  the  good  fortnoe 
to  he  in  the  front  of  the  shoal  will  thus  escape  the  net,  bat  some 
of  those  behind  will  not  be  so  fortunate,  and  the  earth  wrill  again 
devour  an  incredible  host.  It  has  sometimes  happened  thar  casti 
into    the    shoal    have  been    obtained    in   two   consecatiTe    Tflart. 
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If  the  rarth  lu^pncd  to  |MM  thn>ii);h  \\ic  Front  part  iti  one  year, 
^then  the  bIkmiI  h  m  long  that  thv  eurth  will  hnvc  moved  riglit 
iti  orbit  of  600,000,000  mile*,  and  will  Of^nin  dftnh  through 
[the  critical  spot  before  the  iiitiro  number  hnvc  {oiued.  History  cou> 
[teins  record*  of  cases  when,  in  two  consecutive  Novembert,  brilliant 
tlhowera  of  Leonids  have  Iteen  vecii. 

Aa  the  eartli  con«umc«  such  myr!ad«  of  Leonida  «ieh  tliirtjr^tbree 
Fyears,  it  follows  that  the  total  number  muat  be  dccreaning.  The 
splendour  of  the  showers  in  future  ngea  will,  no  doubt,  be  affeeted 
by  this  circumstanett.  Tlioy  cannot  be  always  as  bright  as  they 
hare  been.  It  is  also  of  int«rest  to  notice  that  the  shape  of  the 
shoal  is  gradually  chan^iig.  Knch  meteor  of  the  Hhoal  mnves  in 
ita  own  ellipse  around  the  sun,  and  '\*  quite  independent  of  the  rest 
of  these  bndioi.  tliu-h  one  ban  thun  a  )i)Ks.'iat  period  of  revcdution 
which  dependii  upon  the  len^h  of  the  ellipse  in  which  it  liappena 
to  revolve.  Two  mctoon  will  move  around  the  sun  in  the  same  time 
if  the  lengths  of  their  clli[iMii  are  exactly  equal,  but  not  otherwise. 
The  lengths  of  these  ellipws  arc  many  huiidrccU  of  millions  i^ 
miles,  and  it  is  impossible  that  they  can  be  all  ulwolutety  e<iua). 
In  this  may  be  deteclod  thv  origin  of  a  grnduul  change  in  the 
character  of  the  sliower.  Suppose  two  melvont  A  and  H  be  such 
that  A  travels  completely  round  in  thirty-thive  years,  while  B 
takes  thirty-four  ycttre.  If  the  two  start  togetlicr,  then  when  A 
has  finished  the  first  rounil  B  will  bu  a  year  Whind;  the  next 
time  H  wilt  be  two  years  behind,  anil  so  on.  TIm:  com  is  exactly 
parallel  to  tliat  of  a  number  of  boys  who  start  for  a  long  Tae«, 
in  which  they  Iwvc  to  run  several  times  mund  the  course  before 
the  distance  has  Imth  accompliKhetl.  At  first  they  all  start  in  a 
cluattrr,  and  ]<cr)uipH  for  the  firxt  round  or  two  tliey  may  remain  in 
oomparatire  proximity ;  gradually,  however,  the  fnater  runners  get 
ahead  and  the  slower  one*  lag  behind,  ao  tlie  eliuter  beoomes 
elongated.  As  the  ra(«  continues,  the  cluster  becomes  dispersed 
around  the  entire  course,  and  perlia|is  the  lint  boy  will  even 
overtake  th«  last.  Such  seems  the  destiny  of  the  November 
meteors  in  futur*  ages.  The  cluster  will  in  time  to  come  be 
spread  out  around  the  whole  of  this  mighty  trock,  and  no  longer 
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be   recorded   I'verv    thirty-tbr 


tVIL_ 


II   »u|iurl»  di:*]ilay   have   to 
yoar*. 

It  wait  ill  conrMVtion  n-ith  tliv  uliowcr  vF  Xov«!inlier  invteon 
1661!  that  a  very  inU^n^ting  uiid  lii^nuliful  ()ta<Mivi>ry   in   mallM< 
mntu-al  Hutrononiy  wan  iiiutle  by  Prt>resitor  Adams.     \Vo   tiave  mvh, 
tliat  the  Leoiiidii  muHt  move  in  uii  clliptii:  path,  aitd   thut  thi 
nturu  every  thirty-three  ye&n,  but  the  teloBcope  cantii>t  folio* 
tliem  duriug  their  wunderingv.     All  that  we  Icoow  by  oh.'OM'VBlina' 
is  the  AtX'e  of  their  occiirreii<-e,  the  point  of   the   lieuiveiis  from 
which  they  radiate,  and  the  great  return  every  titirty-tlimt  ynn>. 
Putting  thi>se  various  faet^  toj^ther,  it  is  possible,  not  oxoocty 
detcrniine   the  fllipse   in  ivhich  the  meteors  move— tlic  taiAm 
not   t^o   i">  fttr — ihoy  omIj'  tt-ll   us   that  the  ellipse  must  b« 
of   five   piJ«sihle  orbits.      These  five   possible  orbits  are — lintlyJ 
tlic    immeose   ellipse   in   which    we   now    know    the    mrteorit 
do  revolve,  and   for   which  they  require   the   whole   thirty-thratl 
jears  to  complete  a  revolution  ;  secondly,  a  nearly  ciivuljir  orbtt(i 
very  little  Inrfffr  than  the  earth's  path,  which  the  meteora  would 
trnviTKc  in  a  few  days  mote  than  a  year;  another  similar  orbitj 
in  which  tho  time  would  be  a  few  days  short  of  the  yenr;    and" 
two  other  Kiiiall  elliptical  orbits  lying  inside  the  earth's  orbit.     It 
was  eltiirly  (Iemonstrate<l  by  Professor  Newton  that  the  obset 
faotti  would  bc!  explained  if   the  meteors  moved  in   any   one 
these  ]<nthi',  hut  that  they  oould  not  be  explained    by  any 
hypotlie«i«.     It   remained   to  see  which  of   the«e  orbits   waa 
true  oue.     Professor  Newton   himself  made  the  fii^iruation   of  a 
possible  methtnl  i<f  solving  the  problent      The  lest    he    f>ropOMd 
n'as  one  of  viTy  ^rv&l  dilKculty,  and  involvMl  the  must  iatrioatc 
calculafioim.      Fortunately,  however,  Profewor  Adama    ondoflonk 
the  inquiry,  and  by  his  suocessfnl  labours  the  path  of  the  Leonid* 
bus  iH'cn  completely  ascertained. 

When  tlu>  ancient  records  of  the  appearance  of  KnenX  Loonid 
showers  are  examined,  it  is  found  that  the  date  of  thvir  oooamna 
undtrgOM  a  gradual  and  continuous  change.  It  followa 
OMOMary  eonseigueDOC  that  the  point  where  the  p»Ui  uf  tb»  m 
cretMW  the  earth's  track  is  not  lised,  but  that  at  aaoh 
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return  llie  tnotoors  pass  at  a  point  about  half  a  decree  fortlier 
on  in  tbe  dirootioa  in  wliich  the  earth  is  travelling.  It  follows 
that  the  orbit  in  which  the  meteon  are  rerolring  is  utxler- 
gi)ing  change;  tbe  path  they  follovr  ia  one  revolution  varies 
slightly  from  that  jiursiioil  in  the  next.  As,  however,  these 
clutngcs  proceed  in  the  same  direction,  they  may  gradually  attain 
considerable  dimensions;  and  the  amount  of  change  which  is 
produced  in  the  path  of  the  meteors  in  tbe  lapse  of  centuries 
nuy  be  estimated  by  the  two  ellipses  shown  in  Fig.  1)5,  Tlie 
continuous  line  represents  tbo  orbit  in  a.d.  126;  the  dotted  line 
represents  it  nt  present. 

This  very  definite  change  in  the  orbit  is  one  that  astronomers 
attribute  to  what  we  have  alrvaily  s]>okeii  of  as  pertiirbntiou.  It  is 
certain  that  the  elliptie  motion  of  these  hridie*  is  due  to  tlie  sun, 
and  that  if  they  were  only  acted  nn  by  the  sun  the  ellipse  vrould 
remain  absolutely  unaltered.  We  see,  then,  in  this  gradual  change 
of  the  ellifwe  the  influence  of  the  attractions  of  the  pluiiet«.  It 
was  shown  that  if  the  meteors  moved  in  the  large  orbit,  this 
shifting  of  the  path  must  bo  due  to  tlie  attraction  i>f  tbe  planets 
Jujnter,  Saturn,  Uranus,  and  the  Earth ;  while  if  the  meteors 
followed  one  of  the  smaller  orhitu,  tlie  planets  that  would  be  ne*r 
cnough,  and  largo  enough  to  act  sensibly  on  them,  would  bo  tlie 
Earth,  Venus,  and  Ju]>iter.  Here,  then,  we  see  how  the  question 
may  be  answered  by  calculation.  It  is  difficult,  but  it  is  possible, 
to  calculate  what  tbe  attraction  of  the  plauets  would  be  capable  of 
jiroducing  for  eaoh  of  the  five  different  suppositions  as  to  the  orbit. 
This  is  what  Adams  has  done.  He  found  that  if  the  meteors 
moved  in  the  great  orbit,  then  the  altra<:tion  of  Jupiter  would 
account  for  two-thirds  of  the  obecrvcd  clutnge,  while  the  remaining 
third  was  due  to  the  influence  cS  Satuni,  supplemented  by  a  small 
addition  ou  account  of  Uranus.  In  this  n-ay  the  calculation  showed 
that  the  large  orbit  was  a  iMxwihle  one.  IVofeasor  Adams  also 
computed  the  amount  of  dis|>lMH'ment  in  the  path  tlwt  could  1m 
pniduceil  if  the  meteors  revolved  in  any  "f  the  four  smaller  ellipses. 
This  investigation  was  one  of  an  extremicly  arduous  character,  bat 
the  rrsults  amply  comiwusated  for  the  labour.      It  was  abowD  tbat 
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in  Uiia  ca»e  it  would  be  impocsiblc  to  obtain  by  tbc  aid  of  pvrtur^ 
bations  u  displacement  oven  one-half  of  that  which  wns  obaerred. 
TtwM  four  orhits  wore,  therefore,  impoMible  ones.  Thns  the 
demonfitration  was  complete  att  to  tl»c  cbani<rtcr  of  the  ]>alh  ia 
which  the  metfors  revolve. 

The  movements  in  each  rcvolutioo  are  guided  by  Kepler's  lam. 
When  at  the  pirt  of  its  path  moet  diKtunt  from  the  «tin  tb«  velod^ 
of  a  meteor  is  at  it«  lowest,  being  then  but  little  more  th»D  a  mile 
a  second;  as  it  draws  in  the  K{>ced  gradtuilly  ineteaaee,  until 
when  the  meteor  crosees  tbc  earth's  track  it«  velocity  is  no 
than  twenty-six  miles  a  second.  Ute  cortJi  is  moving;  very  mady 
in  the  opposite  direction  at  the  rat*  of  eighteen  mites  a  aetxindi 
so  that  if  the  meteor  happen  to  etrike  the  tarth'x  attnospbm, 
it  docs  so  with  an  enormoos  velocity  of  nearly  forty-four  mile*  m 
second.  If  the  meteor  ccoa])e  the  earth,  tlien  it  recumcs  itd  uutwonl 
jouniey  with  gradually  declining  velocity,  and  by  tbc  time  it  ha* 
again  completed  its  mighty  jouniey  a  period  of  thirty-three  y 
years  and  n  quarter  will  have  elap»ed. 

The  innumerable  meteor*  which  form  the  Leonidx  ar« 
in  an  enormous  stream,  of  a  breadth  very  small  in  comparison 
its  Icni^b.      If  we  represent  the  orbit  by  oo  ellipse  wlioae  length 
ia  seven  feet,  then  the  met«-or  •trcam  will  be  reprcM>nteil  by 
thread  of  the  finest  scwing-KJIk,  about  a  foot  and  a  half  or  two  fi 
ton(-,  creeping  along  the  orbit.*     The  size  of  this  siream   may 
estimated  from  the  conaiderotion  that  e^'en  its  width  cannot  be 
than  100,000  miles,    its  length  may  l>e  estimated  from  the  circnn* 
stance  that,  uUbon)>;h  it  is  moving  alwut  twenty-six  milev  »  wouni), 
yet  the  atream   takes  about  two  years  to   jiass  the  point  wbeie 
its  orbit  eroBses  the  earth's  track.     On  the  memorable  oeeaaion  oC 
the  night  between  the  13th  and  lith  of  November,  l^OA,  the  earth 
plunged  into  rhis  stream  near  its  head,  and  did  not  emerge  on  the 
other  side  until  6ve  hours  after.     During  that  lime  it   happened 
that  the  hemisphere  of  the  earth  which  was  in  front  contAincd  the 


*  This  illuttration,  m  wi>11  u  tbo  U^run  of  tha  path  of  the  inAUora,  ha* 
doiTid from  Ur.  ().  J.  Stonny'i  latorMtloit  l*<1nM  on  "ThsStay  of  tli«  No' 
MetMN,'-  at  ih»  Itojiil  luUtutioB  ia  187*. 
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contiDmUuf  Europe,  Asia,  noil  Africa,  nnd  conef(]ticiitly  it  wa*  in 
tL«  Old  World  that  l^o  f^al  tilion-cr  was  teea.  On  that  day 
twi'lvemonth,  when  the  «artb  bud  rc^^iiusl  tin-  tame  spot,  thv  shoal 
hiid  not  ontirply  passed,  and  the  earth  mode  another  plnngo.  This 
tiniv  the  Atncric-aa  continent  was  in  the  van,  and  coiisctjucntly  it 


ti-as  there  that  the  shower  of  18fi7  was  seen.  Even  in  th«  following 
year  the  threat  shoal  had  not  entirely  pii*M<<I,  and  a  fi'w  dnt^len 
along  the  route  are  still  occanonalty  eneotmtercd  at  4«ch  annual 
transit  of  the  earth  acroes  the  great  meteoric  higliway. 

The  diagram  is  atso  deatgned  to  indicate  a  retnarkalilc  ■pecula- 
tion which  was  put  forward  on  the  hi^h  authonly  of  lie  Verrief, 
with  the  view  of  explaining  how  the  shoal  vmoie  to  be  introducrd 
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intu  the  wilar  Byatem.  The  orbit  in  which  the  meteors  revolrc 
4li*fl  uot  intersect  the  ]>atli8  of  Jupiter,  Saturn,  or  Mars,  l*ut  it 
does  int4>rsect  the  orbit  of  l.'ranus.  It  roust,  tlierefore,  sornvtimea 
happen  tliut  Uranus  will  be  ]iiiiMin^  through  this  point  o£  ita  path 
juKt  a*  thi!  Mhoul  bus  nrrlvetl  there.  Le  Verrier  has  clemoiietrated 
that  such  nil  evmt  tixik  pWo  in  the  year  a.d.  12t),{biit  that  it  has 
ntit  bai)peri«(l  nince.  Wc  thus  sieein  to  hare  a  clue  to  a  very  won- 
derful piist  history  :— 

"  All  woulJ  be  explained  if  we  may  Boppose  that  \fefore  llio  yiiar 
126,  thii  m«ileors  liml  been  iiiuving  beyond  the  solar  »y»t<ini ;  antl  Ui«l  ia 
chat  year  they  chanced  to  cross  tlif  [Wtliof  the  planet  Umnuc,  travelliag 
along  some  such  path  as  (liat  rrprmumtrtl  in  (Jie  dlagran).  Had  it  not 
been  for  the  planet,  thoy  would  have  ki-jit  on  Hk  coume  uiarked  out  with 
a  dotted  line,  and  afU'r  Iinving  passed  the  nun,  would  liHve  withdrawn 
on  the  other  side  into  the  depths  of  8|utce,  to  tlin  Hanic  mrwiurvlaa 
distance  troni  which  they  had  oriffinally  come.  But  tlwiir  stumbling  on 
ihc!  ]ilnuct  changcil  tli(-ir  wh«lL'  Uesliiiy.  Even  so  givat  a  jilani^t  would 
□ot  sensibly  nHod  t]iein  until  tliey  got  within  a  distance,  which  woatd 
look  vary  ahort  indeed  upon  our  diagnun.  But  they  seem  to  haw 
almost  grazed  his  surfac*-.  and  while  thoy  were  rery  cloao  t<t  nioh  a 
planet,  he  would  be  able  U>  drag  theiu  quite  out  of  their  former  coorafc 
Tliis  the  planet  Uranus  aeems  to  have  done ;  aiul  wh«i,  pursuing  his 
own  L'oura^  he  agaiu  got  loo  far  off  to  influence  tbvta  seuaibly,  tlity 
found  tlieinselves  moving  slowly  backwards  and  slowly  iuwiu-da  ;  and 
accordingly  iMignn  tlie  now  orl>il  round  the  nun,  which  oorresjiotMb  tit 
th«  situation  into  which  thny  liad  l>e<<n  brought,  and  the  dirvction  and 
iBOderatc  tfevd  of  their  new  niotioik. 

"They  seem  to  have  passed  Ursnus  while  thoy  wvre  «ili  n  Htualt, 
compact  cluster.  Nerertheless,  thou-  members  of  tlio  group  wltwh 
lui[>pfiiL-d  to  be  next  tlip  jilunet  as  they  swept  past,  would  be  attracted 
witli  noniewhnt  more  fomi  than  the  it^st ;  the  fartheat  niemltera  of  the 
group  with  the  Icaat,  The  rpsnlt  of  thix  must  inevitably  havu  Wm 
ihitt  when  the  group  were  soon  after  abandoned  to  theuutelvea,  tlirj 
did  not  find  themselves  so  cIo<iely  compacted  as  bpfoiv,  nor  looviiii;  witli 
an  a1>solut«ly  iilentical  inotion,  but  wiili  motions  whidi  difiui-Ml,  nlilioiivh 
perhaps  veiy  little,  from  one  another.  These  are  conditioua  wlu«h 
would  have  starUtd  tbem  in  those  ijigbtly  dilTenn;;  orbits  round  tl^ 
sun,  which,  oa  we  have  seen,  would  came  tJieoi,  as  time  wort;  on,  to  bo 
drawn  out  into  the  long  stnram  in  which  we  now,  after  sovmtoen  omb- 
tnrie*,  find  them. 
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"  WhAt  in  lipn-  ccrt*in  is,  tliat  th«re  was  a  deSnite  lime  wlien  thm 
iiKTteor«  «nt«rccl  upon  the  [lath  they  are  uow  purHuio(( — tbai  tliiii  time 
tvaa  the  end  of  February  t>r  begimiuig  of  Mitroli  in  Lli«  yt*r  136  u  Hill 
a  mnlt«r  of  jirobabiUty  only.  It  is,  tiowi-vrr,  hiijhlij  |>ro)jnttk,  bncauioi 
it  cKjiUiaii  all  tim  iil«tuoinfna  nt  pron-iit  known  ;  but  aittrononipra  mn 
not  vol  in  a  [Kiwition  to  S8«crt  tlmt  it  w  aMcertaineiE,  since  one  link  in 
thp  complete  cluun  of  proof  is  wanting.  We  who  live  now  nhauld  (w 
in  poRsenion  of  tbis  link  if  our  ancvHtoni  liad  mado  anlBcii^ullf  full 
obsemtioua;  and  our  )iCKil«ritj-  urill  have  it  u-li«n  %\wy  comparo  tfai^ 
obaemitioM  tlw-y  can  make  witli  ttioMi  whioli  w»»  an>  now  cHr<>fully 
plttuing  «tt  mcord  for  tlirir  um-.  Tln'y  will  then  linour  wlietli«r  the 
rntv  at  which  the  stmun  is  lengthening  out  in  audi  as  lo  iiidi<:aite  Uial 
A.I>.  126  wa*  the  y«ar  in  which  thia  prooon  b^nn.  If  no,  Ije  Vefrivr'n 
liypothcdii  will  be  fullj-  proved."  * 


The  detvrmiiiation  of  the  true  c]lt|)tic  pitth  of  tlie  Leonid* 
led  Profeaaur  Schiapurelti  to  a  dincovrrj  of  rather  an  unoxpec-ted 
character,  which  reveal«d  in  a  mauiier  almoat  ttartltng,  a  myrtc- 
riou8  cottnection  between  the  shooting  star  shower*  and  periodic 
ODtncta. 

In  the  year  18S6  a  rnmet  apiwarcd.  Tlii*  comet  was  observMl, 
and  froDi  these  observatioiiB  the  jiatli  Ju  which  the  comet  moved 
could  be  calculated.  Whitt  wii*  the  aNtonixhmcnt  nf  astronomen, 
when  it  l>ec«ine  kuovrn  that  the  [mth  of  thia  eoniet  waa  »Uo  tlte 
path  followtsl  by  the  Leonids  1  To  emiittairixe  this  coiiwidenoe,  it  is 
deaimble  to  think  sejxinitely  of  the  vnrinna  jiojnta  which  it  itnpties. 
Take,  for  instance,  the  phtne  in  which  titc  c^nnet  Euoves :  that  jJaiie 
may  have  any  [loaitjori,  tnthjit-t  only  to  the  voiiditiun  that  it  aliall 
puaa  Uirough  the  centre  of  the  bud.  So,  too,  the  orbit  of  the 
rocteora  may  lie  in  any  one  of  the  myriad  planes  paasing  throug:h 
the  sun's  centre.  That  these  two  planes  should  absolutely  coincide 
ia  a  matter  which  would  be  almo«t  infinitely  improbable  if  it  were 
merely  a  question  of  ehance.  The  ooiocidence  does  not  rest  even 
here  ;  not  only  do  the  planes  coinctde,  but  the  directions  of  the  axes 
of  the  orbits  in  these  planes  are  also  identical:  this,  again,  would  be 
infinitely  anlikely  were  the  question  one  merely  of  dumce.   But  we 
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have  not  yet  exhausted  the  etibject,  for  it  further  appean  th«t  the 
chorteet  distance  from  the  sun  to  the  orbit  ts  altto  in  each  caw 
identical.  We  have  here  a  conc«ntratioQ  of  evidence  which  provw 
to  demonstration  that  there  must  be  some  profound  pbyncal  con- 
nection between  eomett)  and  swarms  of  meteors.  The  obocn'td 
facts  would  be  accounted  for  if  we  suppose  the  comet  tu  bo  pre- 
ceded or  followed  in  )t«  path  by  a  meteor  stream ;  but  this,  of  courM-i 
implies  eumc  very  intimate  connection  between  the  comet  and  the 
mi-tcors,  though  nt  tlte  present  time  it  is  not  powiblc  to  ittate  the 
real  iintun?  of  that  connection. 

The  remarkable  ussocintion  between  comet*  and  rocteora  has 
been  noticed  in  the  cnse  of  seveml  other  meteoric  Htrenm»  bcMde* 
the  Leonids.  We  may,  fur  inntflnce,  cite  one  of  the  showers  which 
is  most  constant  in  it«  annual  uppennince>  and  is  called  the  Perseidc, 
from  the  circumsttinoe  that  th«  radiant  |)oint  lies  in  tlie  vonstelU- 
tiou  of  Peiwus.  Thi»  nliower  i*  l<nown  iiIm  of  that  of  the 
Augiixt  meU'or*,  which  fall  from  ihe  9th  to  tlic  llth  of  that 
month  in  ench  yenr.  Their  orbit  hn8  Wen  carefully  det^n'tnined, 
and  it  bus  been  found  to  be  also  the  path  of  a  comet.  There  are 
several  other  ifhowers  of  wliieh  the  same  statement  may  be  made. 
We  shall  instance  one  in  particular  which  has  attiscted  g^reat  and 
deserved  attention. 

.\  copious  meteoric  shower  took  place  on  the  iiif^ht  of  the 
27th  November,  iSTi.  On  this  ocoasion  the  shooting  stus 
diverged  from  a  radiant  point  in  the  constellation  of  Andromeda. 
I  cstimat4>d  at  the  time  that  there  were  at  least  three  bondml 
meteors  per  hour.  It  is  true  that  these  shooting  stars  were  not 
bright,  nor  were  their  trains  very  long.  As  a  spectacle,  it  triut,  in 
my  judgment,  unquestionably  inferior  to  the  mogniticent  diaploy  of 
1803.  But  though,  from  a  picturesque  point  of  view,  the  whowcr 
of  1872  is  inferior  to  that  of  I860,  yet  it  is  difficult  to  say  n-bioh  ot 
the  two  showers  is  of  greater  scientific  importance. 

It  surely  is  a  remarkable  coincidence  that  the  earth  ahoald 
encounter  the  An<lromcdes  (for  so  this  shower  is  called)  at  the  v«nr 
moment  when  it  is  crossing  the  track  of  Biela's  comet,  ^e  have 
obitervwl  the  direction  from  which  the  Andromedee  coma  wh«n  they 
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p]uDg«  into  the  fttmospliere;  we  can  aocerUiii  aliu>  tlie  dinwlion 
in  which  Biela's  comet  is  moving  when  it  passes  the  earth's  track, 
and  we  find  that  the  direction  in  which  the  comet  moven  and  the 
direction  in  which  the  meteors  move  are  identical.  We  have  there- 
fore teamed  that  the  orbil  in  which  the  Andromedes  move  and  the 
orbit  in  which  Biela's  comet  move«  are  coincident.  This  is,  in 
itself,  «  strong  and  almost  overwhdming  presumption  that  the 
comet  and  the  i<lirioting  star&  are  connected ;  but  this  is  not  all. 
This  comet  was  observed  in  1772,  and  a(;ain  in  1805-U,  before  its 
periodic  return  in  seven  years  was  discovered.  It  was  again  dis- 
covenxl  by  Bieta  in  IHQ,  and  n-as  observed  in  1S32.  In  lS4ti  the 
astronomical  world  was  startled  to  find  that  ttu-n.^  wore  now  two 
comets  in  place  of  onv,  and  the  two  frugmentji  wea-  again  perceived 
ftt  the  return  in  1852.  No  tnce  of  Biela's  comet  wm  »een  in 
ISSft,  nor  iu  1S65-66,  when  it*  return  w««  al*u  due.  It  there- 
fore hapjwnM  that  at  llio  end  of  ]$72  the  time  had  arrived  for 
the  return  of  BieU'K  comet,  and  thus  tliv  o<curriMic«  of  the  great 
shower  of  tlic  Andronicdes  took  plaee  about  the  time  when  Biela's 
comet  was  actually  due.  The  inferem-c  i*  irresistihlu  that  the 
shooting  stars,  if  not  actually  a  part  of  the  comet  itself,  are  at  all 
event*  most  intimately  connected  thereuntil.  This  shower  will 
also  be  memorable  by  r«isou  of  the  telegram  sent  from  Professor 
Klinkerfuen  to  Mr.  Pogwin  at  Jkladms.  11ie  telegram  ran  an  fol- 
lows : — "  BieU  touched  «-arth  last  night.  Search  near  Theta 
Centauri."  Pogwn  did  search  and  did  find  a  comet,  though 
whether  this  wan  rc<ally  the  comet  of  Bicia  is  still  a  mutter  which 
some  astronomers  doubt. 

We  have  only  mentioned  three  of  the  periodic  sliowers;  they 
are,  indeed,  tl>e  only  three  which  produce  a  display  worthy  of 
note,  from  a  picturesque  point  of  view.  There  are,  however, 
many  others  well  known  to  those  who  have  studied  the  subject ; 
and  tile  annual  reports  of  the  British  jVssociation  an  replete  with 
information  sedulously  collected  from  every  available  souroo  on  the 
entire  subject  of  luminoua  meteors. 

It  is  a  noticeable  circomstance  that  the  great  meteoric  showers 
se«m   never  yet  to  have  succeeded  in  projecting  a  miasile  which 
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haa  reached  the  (.•artli's  siirrace.  Out  of  tlie  myriads  of  I^eonidB, 
of  P^ntcida,  or  of  Andromrdes,  not  one  ]>Brtiole  ba«  ever  bven 
wiEi-d  nnd  identifii'd.  llioite  bodies  which  do  fall  from  the  skr 
to  the  t-arth,  and  which  we  call  meteorites,  nevi-r  come  from 
the  (freat  nhowem,  >o  Ear  as  we  Unow.  Thty  Bwm,  indeed, 
to  he  |tlieii»mei»i  of  c|uite  h  different  character  to  tbe  periodic 
mctconi. 

It  in  somewhat  curious  that  the  belief  in  the  celestial  origin  of 
mclcorite«  is  of  modern  jrrowth.  In  ancient  times  thcrp  were,  do 
doubt,  rumours  of  wonderful  stones  which  had  fnlleii  down  from 
the  heaven*  on  the  earth,  but  these  reports  seem  to  have  obtAinMl 
hilt  little  oredit.  They  were  a  century  ago  regarded  us  perfectly 
fabulous,  though  there  was  abundant  testimony  on  tbe  subjrct. 
Eye-witnesses  averred  that  they  had  seeu  the  stones  fall.  Tb» 
stones  themselves  were  unlike  other  objects  in  the  tiWirhtiiMirhtxid, 
and  caseii  were  even  authenticated  where  men  had  been  kilUtl  bjr 
blows  from  these  celestial  visitors. 

The  objecta  were,  however,  genei»lly  seen  by  ipiomnt  ntui 
illiterate  persons.  The  true  parta  of  the  recurd  were  so  mixetl  ap 
witli  imaginary  additions,  that  science  refused  to  adopt  the  belief 
that  such  objects  really  fell  from  the  sky.  Even  at  tbe  present 
day  it  is  often  extremely  diBicuIt  to  obtain  accurate  t««timony  as 
to  the  circumBt«nees  attending  the  fall  of  a  meteorite.  For 
iti«tance,  the  fall  of  a  meteorite  was  observed  by  a  Hindoo  in  tlte 
jungle,  llie  stone  waa  there,  its  meteoric  ohanicter  was  us- 
doubted,  mid  the  witness  was  duly  examined  as  to  the  ilotaila  of 
the  occurrence ;  but  he  was  so  frightened  by  the  noise  and  by  the 
danger  he  had  narrowly  escaped,  that  he  could  tell  little  or  notliing. 
The  only  fact  of  which  be  felt  certain  was  that  the  metixinte 
had  hunted  him  for  some  time  through  the  jungle  before  it  full  to 
thi*  <-artli  I 

In  the  year  1704  Chladni  published  au  account  of  the  remark- 
able mass  of  iron  which  tbe  traveller  Pallas  liad  discovered  in  Siberia. 
It  wiut  then  for  the  6rst  time  that  the  important  step  whh  tnkpn  of 
rceogniiing  tliat  this  object  and  others  similar  to  it  n-cn-  nvlly 
of  cetcttial  origin.     But  even  Chlodni's  leputation  and  the  urgu- 
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ments  be  brought  forward  faikd  to  procure  univentat  asseut. 
Shortly  afterwards,  in  1795,  n  stone  of  Bfty-«ix  poun<]H  woa  ex> 
hibited  in  Landon,  which  several  n'ilne8iu,>»  declared  tliey  had  seen 
fall  at  M'old  Cottage,  in  Yorkshire  ;  and  it  nan  subset} uenti)'  depo< 
Hited  in  the  collection  at  the  British  Museum.  The  evidence  then 
began  to  pour  tn  from  other  qnartera ;  portions  of  stone  from  Italy 
and  from  Bi-narcs  were  found  to  be  identical  with  the  Yorkshire 
stone.  Ttic  incn-dulity  of  those  who  bad  doubte<l  the  celestial  origin 
of  these  objects  l>c^tn  to  give  way.  A  careful  memoir  on  the 
Benares  stone,  by  Howard,  was  jniblislied  In  the  '*  Pliilosopbical 
Transactions"  for  ISO;!,  while, as  if  to  complete  the  demon strat inn, 
a  great  fJion'cr  of  falling  stones  took  place  in  the  followint;  year 
at  L'AifjIei  in  Normandy.  The  French  Academy  deputed  the 
physicist  Biot  to  mako  a  detailed  examination  on  the  spot  of  all 
the  cirvum stances  attendinf;  this  memorable  shower.  His  inijuiry 
completely  removed  every  trace  of  doubt,  and  the  meteoric  stones 
hav«  accordingly  bi-en  tninsfcrrcd  from  the  dominions  of  geology 
to  those  of  astronomy.  It  may  he  noted  as  a  coincidence  that  .tbe 
recognition  of  tbe  celestial  origin  of  meteorites  was  simnltaneoua 
with  that  of  the  discovery  of  the  Rrst  of  the  serieeof  minor  planet*. 
In  each  case  our  knowledge  of  the  solar  system  has  been  extended 
by  the  addition  of  numerous  minute  bodies,  which,  notwithstand- 
ing their  insignificant  dimensions,  are  prei^nant  with  information. 
Once  the  reality  of  these  stonc-fallB  has  been  admitted,  we  can 
turn  with  gnnt  interest  to  the  ancient  nscords,  and  restore  to  them 
the  credit  which  many  of  tlicm  untloubtedly  merit,  ami  which  was 
for  MO  many  centuries  withheld.  Pcrbapa  tbu  earliest  of  all  tlw 
recordu  which  can  he  said  to  luive  much  )>rctencion  to  historical 
aocaracy,  is  that  of  tJ>e  tihowiT  of  iit<itwit  which  Liry  devvriU-w  as 
having  fallen,  about  the  ytnr  iOti  B.c.,  on  the  Allan  Mount,  nnr 
Koniv.  Among  the  more  modem  instaiicea,  we  may  mention  one 
which  was  a u the nt tented  in  a  very  emphatic  manner.  It  occurred 
in  tli«  ymr  MOflatHiiHislieim,  in  Al»aee.  The  Erojxiror  Maximilian 
ordt-ml  a  mtnute  iiamttive  of  tbe  circumRtaiKca  to  be  drawn  up 
and  ilepii*it4-«l  with  the  stone  in  the  church.  The  xtoue  was 
Bus|>ended  in  tbu  church  for  three  centuries,  until  in  the  Fn^nch 
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Rcvnlation  it  was  carried  off  to  CoImBr,  and  jrieces  were  bmken  fro 
it,  one-  of  wbich  is  bow  in  tbi>  British  Museum.  Fortunat«ly,  ihi* 
inlerestin^  object  has  been  re«tored  to  ite  andent  position  in 
church  at  Ensisbeim,  where  it  remains  an  attraction  to  ai^t-i 
to  this  day.  The  iiccount  is  as  followe : — "  In  the  year  of 
Lord  1-192,  on  the  Wcdnwday  before  SU  ilnrtin's  Day,  November 
7tl),  a  singular  miracle  occunx^,  for  between  el«%'en  o'chx^k  and  oooa 
there  was  a  loud  (-!»]>  of  thunder  and  a  proloD}^  eonfuBed  nuiw, 
which  wae  benni  »t  a  ^ivat  distance,  and  a  stone  fell  from  the  air 
in  the  jurisdiction  of  Knsixheim  which  weighed  -tlO  ]X)un<ls,  and  tlw 
confused  noise  was  at  other  places  much  louder  than  here.  Then 
child  saw  it  strike  on  plouffhed  prouiwl  in  tlie  upper  Bold  to 
the  Itbine  and  the  111,  near  the  di»itriet  of  Gisgjuig,  which  was  mv 
with  wheat,  and  it  did  no  harm,  except  that  it  mad«  a  bole  tbov 
and  then  they  conveyed  it  from  tlic  epot,  and  many  pieces 
broken  from  it,  which  the  Land  ^'ogt  forbade.  They  thcnttn^ 
cttusied  it  to  be  placed  in  the  church,  with  the  intx^'ntion  of  auspcnding 
it  af  a  miracle,  and  there  came  here  many  people  to  see  Uiis  stone, 
eo  there  wore  many  remarkable  conversations  about  this  rtooe; 
the  learned  *aid  they  knew  not  what  it  was,  for  it  was  heyoiid  tl; 
ordinaiy  cuurae  of  nature  that  such  a  large  stone  ebouhl  Minite  fr»i 
the  height  of  the  air,  but  that  it  was  really  a  miracle  from  Gi 
for  before  that  time  never  waK  anything  heard  like  it,  nor  seen,  nor 
written.  When  they  found  that  stone,  it  had  entered  int^)  the  uarth 
to  half  the  depth  of  a  man's  stature,  which  everybody  explained  to 
he  the  will  of  God  that  it  should  be  found,  and  the  noiso  of  Jt  wim 
heard  at  Lucerne,  at  Villingen,  and  at  many  other  places,  so  lond  tliat 
the  people  thought  that  houses  had  been  overtuTTicd ;  and  as  the 
King  Maximilian  was  here,  the  Monday  after  St.  Catherine's  Vhifl 
of  the  aame  year,  his  Hoynl  Exeellency  ordered  the  Btoae  which 
follen  to  be  bronghl  to  the  eu«tlc,  and  after  linving  oonvcmtd  a 
long  time  about  it  with  the  n<ibl«mrn,  he  TUiid  ihnt  the  i>oop]«  iif 
Enaiaheim  abould  take  it  and  order  it  to  be  hung  up  in  the  vhun-h.; 
and  not  to  ath^w  auylxxly  to  take  any  tiling  from  it.  U  is  Bxccllncy,' 
however,  took  two  pieces  of  it,  of  which  )»e  kept  one,  and  mmt  tlw 
other  to  Duke  Sigisinund  of  Austria,  aiid  they  spok«  a  gnmt 
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about  Uie  stone,  which  they  ii»>i)H!ticli.il  In  the  choir,  where  it  itill  ii, 
and  a  ftnaX  many  poople  came  to  sec  it." 

Once  we  liare  recogiiiscd  the  ocl«RtiaI  ori^n  of  the  meteorites, 
they  claim  our  clo^mt  atfcntion.  They  afford  the  only  direct 
method  we  po»se»8  of  obtaining;  a  knowledge  of  the  materials  of 
bodies  exterior  to  our  planet.  We  can  take  a  meteorite  in  our 
hands,  we  can  analyse  it,  and  lind  the  mat«riaJs  of  which  it  is 
compoeed.  \Ve  shall  not  attempt  to  enter  into  any  very  detailed 
account  of  the  fltructurc  of  meteorites ;  it  is  rather  a  matter  for  the 
consideration  of  cbemistA  and  mtneralo^iste  than  for  a«tronomerB. 
A  few  of  the  more  ohviona  features  will  be  all  that  we  require. 
They  will  Hervc  as  a  preliminary  to  the  discueeion  of  tlie  probable 
ori^n  of  these  bodies. 

In  the  British  Museum  we  may  examine  a  superb  collection 
of  meteorites.  They  have  been  broti}>ht  tof>ether  from  all  parte 
of  the  earth,  and  vary  in  size  from  1x)dios  not  mucli  lar|;er  than 
a  pin's  head  up  to  vast  mnssvs  wcif^hinff  many  hunilrcdwei);ht6. 
There  arc  also  many  models  of  ceiohrated  meteorites,  of  wbieb  the 
originals  are  dispersed  through  various  other  museums. 

Many  of  these  objects  have  nothing  very  remarkable  in  their 
external  appearance.  If  they  were  met  with  on  the  sea  heach, 
they  would  be  passed  by  without  more  notice  than  would  be  given 
to  any  other  stone.  Yet,  what  a  history  such  a  stone  might  tell 
us  if  we  could  only  manage  to  obtain  it  I  It  fell ;  it  was  seen  to 
fall  from  the  aky  ;  but  what  was  its  course  anterior  to  that  more- 
raent?  Where  was  it  100  years  ago,  1,000  yean  ago?  Through 
what  regions  of  space  has  it  wandered  ?  Why  did  it  nev>'r  fall 
liefone  ?  Why  has  it  actually  now  fallen  ?  Such  are  sontc  uf  the 
(|Utstions  which  crowd  upon  us  as  we  ponder  over  thvsc  most 
interesting  bodies.  Some  of  these  objects  are  eomposctl  of  very 
characteristic  materials;  take,  for  example,  one  of  tlie  more  recent 
meteorites,  known  as  the  Rvwton  sideritc.  This  hmly  difTere 
very  much  from  the  more  ordinary  kin<l  of  stony  meteorite.  It  ia 
an  object  which  even  a  caana)  posprr-hy  would  hanlly  punt  without 
notiec.  Ita  great  weight  wooM  also  Attract  attention,  while  if  it 
he  scratefaed  or  robbed  with  a  Cle,  it  would  h«  fouod  tliat  it  was 
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not  in  any  scdbo  u  etoiii-,  but  that  it  wu  %  majm  of  nou-ljr 
iron.     Wc   know  the  cirviimittHiK.'C*   iitider  whtcb    that   piecv 
iron  fell  lo  the  earth.     It  wu  on  tlui  20th  of  April,  1870, 
3.40  p.m.,  that  k  stntn^  rumbling  noise,  follovrod  hf   m,  start- 
ling: espIoeioD,  was  hcnrO  ov^r  an  area  of  sevuntl  milos  in  ext 
amonf^  th«  villagva  in  Shropshire,  eight  or  tvn   miles    north 
the  Wrekin.      About  an   hour  after   this  occurroDce,    a    fa 
noticed  tho  gronnd  in  one  of  his  gnss-lields  to  have   been 
txirbed,  and  he  probed  the  hole  wbieh  th«  nwttforitv   had 
and   found   it,  still  waroi,  about  eighteen  incbc*  below    the 
(ace.      Some   non   working   at   no   great  distance    had    aotoa 
beard  the  noise  of  its  descent,  but  witltout  being  nhlv  to  Ji 
the  exact  locality.     This  remarkable  object  weighs   7]  lb«.     It 
an  irregular  angular  moas  o(  iron,  though  all  ita  edgies  aeem 
hare  been  rounded  by  fusion   in  its  transit  throng  tbo  air, 
it  is  covered  with  a  tbick  black  pellicle  of  the  tnaffnetic  ozidei 
iron,  except  at  the  point  where  it  first  struck  the  ground.     It 
Brst  exhibited  publicly  at  a  bamar  is  W'olvcrbampton,  nnd  hy 
Duke  of  Cleveland,  on  whose  property  it  tvW,  it  was  presented 
the  British  Museum,  where,  M  the  Rowton  wderitv,  it  attract* 
attention  of  every  one  who  is  Inti^rcstcd  in  tliese  wonderful   lioiiifA_ 

This  fiidcritc  is  specially  interesting  on  account  of  its  distinc 
metallic  character.  Falls  of  the  siderites  (us  titer  are  rolled)  ore 
so  common  as  those  of  tbe  stony  meteorites  ;  in  fact,  there  are 
a  few  known  instances  of  meteoric  irons  having  been  actually  seen  1 
bll,  while  the  falls  of  stony  meteorites  are  to  be  counted  in 
or  in  hundreds.  Tbe  inference  is  that  tbe  iron  metcoritoM  are  ; 
leas  frequent  than  tbe  stony  ones.  This  is,  however,  not  the  in 
presnon  that  the  visitor  to  the  British  Museum  would  b«  likely  ts 
reoeive.  In  that  extensive  collection  tbe  meteoric  irona  are  by  bi 
the  most  striking  objects.  The  explanation  is  not  difficult.  TlMsf 
gigantic  masses  of  iron  are  unquestionably  met4wric :  no  mil 
douhtd  that  this  is  tbe  cose.  Yet  the  vast  majority  of  th«ra  hiM 
never  been  seen  to  fall ;  they  have  simply  been  found,  under  or- 
eumstanees  which  point  unmistakably  to  their  meteoric  natan- 
SuppOM,  for  instonco,  that  a  traveller  out  on   one    of    tbe  ph 
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of  Siberia  or  of  Contnl  Amvrica  finds  ii  mass  of  metallic  iron 
lying  oQ  the  surface  of  the  g^rouod,  wtmt  L-x|iluiiatioD  can  be 
rendenxl  of  such  ao  occurrenou?  No  oiw  ha*  brought  the  irou 
there,  uid  thvre  is  no  imn  within  hundred*  of  miles.  Man  never 
fMhionvil  that  object,  iind  tha  iron  is  found  to  be  alloyed  with 
nickel  in  a  nuinnc-r  that  is  always  ubtti-rrud  in  known  mvtcoriUw, 
and  is  gi-nerally  rejrardwt  as  a  sur«  indication  of  a  meteoric  origin. 
ObsL-rve  also,  that  as  iron  perishes  by  corrosion  in  our  atmospbete, 
that  great  maw  of  iron  cannot  have  tain  there  for  indefinite  agm; 
it  mnst  haro  beea  placed  there  at  some  finite  time.  There  is  only 
one  source  of  such  an  object  conceivable;  it  must  have  fallen 
from  the  sky.  On  those  bouudlc^  plains  the  stony  mutt-orites 
also  have,  <loubtle8s,  fallen  in  hundreds  and  in  thousands,  but 
the  stony  ones  crumble  away,  and  in  any  case  would  not  arrest 
the  attention  of  the  traveller  as  the  iron  meteorites  do.  Hence  it 
follows,  that  although  Uic  stony  meteorites  seem  to  fall  much  more 
frequently,  yet,  unless  thity  are  octiuilly  observed  in  the  moment 
of  descent,  tbcy  are  much  more  liable  to  bo  overlooked  than  tha 
meteoric  irons,  [fence  it  is,  that  the  great  met«oritM  which  are 
the  cliaracteristic  feature  of  the  British  Musetim  colUctioo  are 
mainly  the  meteoric  irons. 

We  liave  said  that  a  loud  noise  Accomi<anied  tJie  descent  of  the 
Rowton  sidfrite,  and  the  Emperor  Alaiimiliau  has  n'corded  the 
loud  explosion  which  took  place  when  the  meteorite  fell  at  Kn- 
sisbeim.  In  this  wc  have  a  chanu-teristtv  fenluro  of  the  phe- 
nomenon. Nearly  all  the  descents  of  mcteorittv  ttuit  have  been 
obeerved,  seem  to  have  boeo  uahervd  in  by  u  loud  detmijiliiig 
cxplofion.  We  do  not,  howeTOr,  asaert  that  this  is  a  quite  invariable 
character;  and  it  is  also  the  ease  tltat  meteors  often  detonate 
without  throwing  down  any  stones  which  are  ofaeerved.  Hw 
violence  aaaodated  with  the  phenomenon  is  forcibly  illustrated  by 
the  fiutaura  meteorite.  Iliia  object  fell  in  India  about  twenty 
years  ago.  A  loud  expWion  was  heard,  sneml  fragments  of  stone 
were  collected  at  distances  miles  apart ;  and  when  iMnjugbt  to- 
gether, they  were  found  to  6t,  bo  as  to  enable  the  primitive  form  of 
the  meteorite  to  be  re*ooustructed.  A  few  of  the  pieces  an  wantin){ 
X  2 
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{ttiey  wore,  bo  doubt,  lost  br  falltnfc  imobeen't'd  into  localit 
wbich  tUej-  coiild  not  be  recovered),  but  we  bave  obtAin«d 
quite  rmmeroua  eooogh  to  permit  uh  to  form  a  very  gooj  id 
the  irreRiilar  ebspe  of  the  object  before  tbe    exploeioo 
which  dhuMered  it  into  frafpneote.     This  is  ooe  nf  the 
■tony  meteorites,  and  is  thus  contracted  with   the   Ron-Ion 
wUicb  we  bave  junt  been  confiiderinj*.     Hmtc  art*  also  otber ' 
of  meteorites.      The  Breilenbach  iron,  »s  it   is  called,  is  a  gll 
representation  of   a  claes  of   mete^mtes  which    are    int 


Fig.  00.— HectioD  of  llw  CfaMM  Uttcorite. 


between  the  meteorie  irons  and  the  stones.  It  consists  of  a 
cellular  ttructiire  of  iron,  the  cavities  being  fi]|i>(l  witli 
suWancea.  In  the  British  Xuseum  will  be  seen  iwctionji  of 
mediate  forms  in  wbich  tbis  utrueture  is  exhibited. 

Look  first  at  the  most  ob\'ions  ebaracterigtic  of  tbe«o  me 
Vie  do  not  now  albulc  to  their  ebemical  compositinn,  but  ta 
mtema!  appeamnc-e.     What  is  the  most  remarkable  Feature 
«biip  ot  these  objects  ? — surely  it  is  that  they  are  Fmenu-iits. 
are  evidently  pieces  that  are  drokcH  from  some  larprer  obj«ot. 
ap}>arent  by  merely  looking  at  their  form  ;  it  is  still  mnni 
when  we  examine  their  mechanical  Btnictnre.    It  ia  often  fou: 
meteorites  arc  th<.>mse1vva  compomd  of  smaller  fntgmcnta, 
together  in   tJie   manner  of  certain  well-known   Toleanie 
others  are,  again,  eomponil  nf  very  small  pnrtieli<s,  nnah: 
what  are  known  ox  vokanic  tufas.     The  stnicture  of  tbo  mat 
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I  may  be  illuatntteil  l>)'  u  Rentii>n  tit  an  aerolite  found  oq  tli«  Sicrm  ot 
[Cltaco,  <rci);:hing  about  SOIbft.  {Vig-  ti6). 

The  section  here  r«prM«>nte<I  vbou-s  the  compo§itfl  «tn»ct»ro  of 
I'tiiiB  object,  which  belou^  lo  tJie  class  of  stony  mi-ti-oritvN.  It» 
^ihupe  Bhon-s  that  it  was  really  a  fragment  with  an<^ltir  iil^-»  Biid 
[eomci-e.  No  doubt  it  may  have  been  mooh  more  conridefuble  when 
it  first  dashed  into  the  atmosphere.  The  an'^ular  (^Age*  now  M-eti 
on  (he  exterior  may  he  due  to  an  exploeion  whtoh  then  occurred; 
but  this  wilt  notaocotint  for  the  structuieoF  tlic  intorior.  We  thera 
■ee  irregulur  pieces  of  the  most  varied  form  and  material  conglo- 
merated into  n  single  mass.  If  we  would  seek  for  any  analogous 
objects  on  the  earth,  we  most  look  to  some  of  the  volcanic  rocks, 
whecv  we  have  multitudes  of  imTjular  angular  fragments  adhering 
together  by  a  cement  in  which  they  are  imbcddi,Hl.  The  evidence 
presented  by  thix  meteorite  is  eonchutive  lut  to  one  circumstance, 
with  regard  to  the  origin  of  theitc  objects.  They  must  have  eomo 
as  fragments,  from  some  body  of  considerable,  if  not  of  vast,  dimen- 
sions. In  this  meteorite  there  are  numerous  small  grains  of  iron 
mingled  with  mineral  anlutanoes.  The  iron  in  many  meteorites 
has,  indeed,  charactera  resembling  those  produced  by  the  actual 
blasting  of  iron  by  dynamite.  Thus,  a  lat^  meteoric  iron  from 
Brazil  has  been  found  to  have  been  actually  shivered  into  frag- 
ments at  faome  dme  anterior  to  its  full  on  the  earth.  Thoso 
fragments  have  been  cemented  together  again  by  irregiUar  veins  of 
mineral  substances. 

For  an  aerolite  of  a  vcrj*  different  type  wo  may  refer  to  the 
nriwnaeeous  meteorite  of  Orgueil,  which  fell  in  France  on  tin-  llth 
iSuji  IStti.  Un  the  occasion  of  its  descent  a  splendid  mt-ti'or  wiis 
seen,  rivalling  the  full  moon  in  size.  I'he  actual  diameter  of  this 
globe  of  fire  must  hiire  bm'n  some  hundreds  of  yanls.  Tlicre  were 
iMttiially  found  nearly  a  hundiv<l  fragments  of  the  Wly  iwatteivd 
libont  over  a  tract  of  country  fifteen  milra  long.  This  object  is 
pwtienlar  intereat,  inasmuch  as  it  belongs  to  a  rare  group  of 
i\ttn,  from  which  mctullie  iron  in  abiH'nt.  It  nmtaiiu  many  ot 
[the  sune  minerals  which  are  net  witli  in  other  nM'trontes,  hut 
time  objects  they  arc  auoeialtJ  teiii  carivH,  and   with  sub- 
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Btxiicrft  of  a  u-bite  or  yellovrisb  ciyst&tlitaDe'  material,  eolol 
ether,  and  reaembling  some  «f  tlie  hydro-carbons.      Such  a   ml 
stance,  ir  found  on  the  earth,  would  proliubly  be  deemed  »  jmii 
reBultiiig^  from  animal  or  vegetable  lifu  I 

We  huve  jioiiited  out  how  a  body  moving  with  ^rreat  velocity 
and  impinging  upon  tlie  air  may  become  red-hot  and  wiiite-hot, 
or  even  driven  off  into  vapour.  How,  then,  doM  it  hapiirn  thai 
meteorites  escape  this  fiery  ordenJ,  and  fall  down  to  the  eairtb,  bo 
doubt  with  a  ^reat  velocity,  but  still,  with  a  velocity  very  mudi 
less  than  that  which  wonld  have  BuQiccd  to  drive  them  off  in 
vapour?  llsd  that  Rr.wton  eidertt^',  for  instance,  etruek 
ntmoEphere  with  a  velocity  of  twenty  miln  »  eecond,  it 
unqueetionable  that  it  would  haw  Im-cu  entirely  dis8i]mt<>4l 
vapour,  thou)>h,  no  doubt>  the  parlielee  would  oltimately 
together,  and  elowly  descend  to  the  enrth  in  microscopic  beadll 
iron.  How  has  the  meteorite  eitcapcd  this  fate?  It  murt 
remembered  that  our  earth  is  alro  moving  with  a  velocity  of 
eighteen  miles  per  second,  nnd  that  the  velueity  with  which 
meteorite  pluntfes  into  the  atr  is  to  he  obtained  by  compoandiiij 
the  velocity  of  the  meteorite  with  the  velocity  of  the  earth.  If 
meteorite  eome  into  direct  collision  with  the  earth,  the  velocitv  i 
the  colliKion  will  be  extrcmi-ty  great;  but  it  may  hn[j-eii  tl 
though  the  actual  velocities  of  the  two  bodies  are  both  enonnoc 
great,  yet  the  relative  velocity  may  be  oomparativt-ly  aiiiall. 
i«,  at  all  events,  one  conceivable  explanation  of  the  arrival 
meteorite  on  the  otirface  of  the  earth. 

Vi'e  have  ^howii  in  the  earlier  parts  of  this  chapter  that 
well-known  star  »hower«  arc  all  intimately  connected  with  cot 
In  fact,  each  alar  shower  revolves  in  the  }ath  pur&unl   by  a 
and  the  »hooting  star  purtidcti  have,  in  all  prohabihty,  l>eea 
selves  derived  from  the  comet.     Showent  of  shooting    atara 
comets  have,  therefore,  an  intimate  ooniiection,  but   tbera  it 
groun<l  for  sujijMiiing  ttiat  meteoritn  have  any  eonneclion 
comets — the  facts,  indeed,  all  »ecm  to  me  to  ];oint  in  lh« 
direction.     It  haa  alreiuiy  lieen  remarked  that  n>eteorit«B  havo  i 
been  knouo  to  fall  from  the  great  star  tthowiTs.     No  jMirticki  i 
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meteorite  was  evor  dropped  from  lh«  twuntlees  host  of  the  I^onidg 
or  of  the  Perscids ;  tUe  Lyraids  never  dropped  «  meteorite,  nor  did 
the  Quarantids,  tli«  Gcminids,  or  the  Dinn;  other  showers  with 
which  ever}'  astronomer  is  fatnilinr.  There  is  no  reason  to  connect 
meteorites  with  tbewe  shuwCTs,  sod  there  is,  accordingly,  no  reawtn 
to  connect  mctcoriU^  with  comets.  Indeed,  the  appearance  of  a 
comet  and  tJic  history  of  its  movementA  and  its  changes  seem 
entirely  at  vnrixnoe  with  the  supposition  that  it  is  composed  of 
m&terinis  rcscmblini;  tliose  in  meteorites. 

With  reference  to  tl>o  ori^n  of  meteorites  it  is  difficult  to 
speak  with  any  gmit  dc^oo  of  conlidenoe.  Every  theory  of 
metGorites  is  in  itself  improbable,  so  it  scums  that  the  only  counte 
open  bo  us  is  to  choose  that  view  of  their  origin  which  sermt 
least  improbable.  It  appc«re  to  mo  that  this  coudition  is  best 
fnlfillcd  in  the  thwry  entertained  by  the  Austrian  mineralogist, 
Tbchcrmak.  H«  hn*  mule  a  otudy  of  the  meteorites  in  the 
rich  collection  at  Vienna,  and  he  has  come  to  tiie  couelusion 
that  the  "  meteorites  have  hnd  a  volcanic  source  on  some  oclestial 
body."  Let  us  attempt  to  pursue  this  hypothesis  and  discuss  the 
problem,  which  may  be  thus  statnl : — Assuming  thai  meteorites 
have  been  ejectetl  from  voIcanoMt,  on  what  body  or  hi  dies  in  the 
anivorsc  must  these  volcanoes  bo  situated?  This  is  really  a 
question  fur  astronomers  and  matliematicians.  Once  the  minera- 
logists anura  us  tJiat  these  buUii.«  are  voIcAuic,  tho  question 
becomes  one  of  calculation  and  of  the  halanoe  of  probabilitJes. 

The  first  step  in  the  inquiry  is  to  rcaliae  distinctly  the 
dynamknl  conditions  of  tlte  probli-m.  OxKeive  n  volmno  to  Iw 
located  on  a  phtnct  The  vulrnno  is  sup|)0««l  to  be  in  a  stale  of 
eruption,  and  in  one  of  its  mighty  throea  projects  a  miasile  aloft : 
this  missile  will  osocnd,  it  will  turn  round,  and  fall  down  again. 
Such  is  the  Ga«o  at  ptvscnt  in  the  cni)>li(>ns  of  terrestrial  volcanoc*. 
Colo|«xi  has  Wen  known  to  hurl  pn>digiciua  tloues  to  a  vast  lieigtit> 
hut  these  stones  assuredly  return  to  earth.  The  gravitation  of  the 
earth  has  gradually  overcome  the  velocity  produced  by  the  explosion, 
and  down  the  body  falls.  But  let  us  suppose  ihat  the  eruption  !• 
still  more  violent,  and  that  the  stones  are  projected  from  tlie  pUnet 
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to  n  still  ^iratfir  height  above  its  aurfaco.  Suppoeo,  for  iiietiiiMw, 
thnt  tlic  stoDe  should  he  shot  up  to  a  hetght  oquttl  to  tho  plaiiet'* 
radius,  the  attraction  of  trravitation  wit)  then  W  rc<Iiicc<l  tooiiv-Fourth 
of  wliat  it  was  at  the  surface,  and  hcnct-  tlio  plniK't  will  fiiul  g-ivalcr 
diOioilly  in  pulhii^  hack  the  sUiiic  the  hi^^'hcr  it  utcviidK.  Not 
only  is  the  distance  through  which  the  stone  has  to  b<r  pulk-d  buck 
incrcnsml  as  the  height  increases,  but  th«  efficiency  of  gimvitntion  is 
weakened,  so  that  in  a  two-fold  way  the  difliculty  of  rvoallin^  the 
stone  is  increased.  Once  a^«in,  let  um  Nupimw;  tlie  itloue  projected 
with  still  f^^eater  speed,  it  will  rise  up  and  up;  tlic  gruvitatioo 
is  still  tending  to  pull  the  stone  back,  hut  as  it  aKcuiids  tlic 
gravitation  is  lessened ;  when  the  xtone  hau  attained  a  het<;ht  of 
ton  times  the  radius  of  the  planet,  the  attnu'tion  in  rmluced  tu  one 
hundredth  part  of  its  origrinal  itit«niity,  and  thus  it  may  happen 
that  if  tho  velocity  bi-  sufticietitly  great,  the  stone  will  ri»ic  hi<;heT 
and  higher,  and  gravitation  will  never  be  able  to  recall  it.  There 
\*  thu*  a  certain  critical  velocity  appropriate  to  each  pinnct,  and 
depending  on  its  mass.  If  the  miKsitc  be  projected  upwartU  with 
a  velocity  eqnal  to  this,  then  it  will  uiteend  never  to  return.  We 
all  recollect  Jules  Venie's  voyuge  lo  the  moon,  in  which  lie  described 
the  Columbiiul,  an  imaginary  cannon,  capable  of  shooting  out  a 
projectile  with  a  velocity  of  »x  miU-Ji  a  second.  Tbis  is  thu  critical 
Telocity  for  the  earth.  If  we  could  imagine  the  air  removed,  then 
a  cannon  of  nix^mile  power  would  ]>rojcct  a  body  upwards  which 
would  not  full  down. 

The  ^reat  difliculty  about  Tueliermak'a  view  of  the  vulcaaic 
origin  of  the  meteorites,  lies  in  the  tremendous  initial  velocity 
which  is  required.  Tlio  CoUimbiad  is  a  myth,  and  we  know  no 
agent,  natural  or  artificial,  at  the  present  time  on  tho  earth, 
adequate  to  the  production  of  a  velocity  so  appalling.  The 
thunders  of  Cotopaxi  are  said  to  be  heard  one  hundred  and  fifty 
miles  away,  but  in  its  mightiest  thtoes,  it  discharges  no  iniasilM 
at  the  preeent  time  with  a  velocity  of  six  miles  a  second.  We  are 
therefore  led  to  inquire  whether  any  of  the  other  celestial  bodiei 
are  entitled  to  the  parentage  of  the  meteorites.  Wo  cannot  aeo 
volcanoes  on  any  other  body  except  the  moon;  all  the  othvr 
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trotooraniolo  For  an  inspection  so  minuU!.  Docs  it  SL>om  likdy 
tbst  volcanoes  on  the  mooa  can  vwr  kuncli  forth  nusaUes  wliicJi 
fall  upon  the  «arth? 

This  was  n  Mii>f  suRt«ine<l  by  eminent  authority.  Tho  mim  of 
the  moon  is  wry  i^miill  us  compared  with  that  of  tlio  eiirth.  It 
would  talio  ovi-r  vi^fhty  moons  rollvd  int^  ono,  to  equal  the  nnuiK 
of  the  rartli.  A  body  voulil  therefore  be  projet-tod  from  thu  tui-ftu^ 
of  the  moun,  so  as  to  liiive  the  moon  nltof^-ther,  with  much  Una 
Tfloeity  than  is  ri'ijuircd  to  project  a  l>"dy  entiriHy  away  from  the 
surface  of  tlie  earth.  It  would  not  bo  true  to  aaserl  that  the 
velocity  of  pnijcctioii  varies  directly  as  the  inassos.  The  eorreet 
law  \*,  that  it  varies  directly  aa  the  stiuare  root  of  the  maui,  uiul 
invenwly  as  the  square  root  of  the  radius.  It  is  hence  easy  to  sec 
that  the  velocity  n-<iuirvd  to  project  a  miiwilo  frum  the  moon  v 
only  about  one-sixth  of  that  which  would  be  miuiml  to  project  n 
misailo  from  the  earth.  If  the  muon  bad  on  its  «urfiu>v  volcanoes 
of  one  mile  power,  it  is  quite  conceivable  that  these  might  be 
th«  sotiroe  of  meteorites.  We  have  seen  how  the  surEaw  of  tlio 
moon  shows  traces  of  intense  volcanic  ocUrity.  There  are  vast 
emt4.-rs,  which  muHt  have  been  once  the  seat  of  mighty  eniptions,  so 
that  the  whole  surface  of  the  moon  can  only  be  compared  with  th« 
most  intensely  volcanic  re^ous  on  the  mrth.  A  missile  thus 
projected  from  the  moon  ooult)  undoubtedly  fall  oo  tlie  earth,  and 
it  is  not  impoBsibte  that  some  of  iJie  nietcfirites  may  really  luive 
come  from  this  source.  There  is,  however,  one  great  diKieulty  about 
the  volcanoes  on  the  moon  which  muRt  be  boroc  in  mind.  Suppose 
an  object  were  so  jutijected,  it  would,  under  the  attraction  of  tite 
eartli,  in  accordance  with  Kepler's  laws,  move  around  t]i«  eartJi  as 
a  focue.  If  we  set  aside  the  disturbances  produced  by  all  other 
bodies,  as  well  as  the  disturbance  produced  by  the  moon  itaelf,  we 
aea  that  the  meteorite  if  it  once  misses  the  earth  can  never  fall 
thereon.  It  woald  be  necessary  that  the  shortest  distance  of  the 
earth's  centre  from  tlie  orbit  of  the  projectile  shall  be  less  than 
the  radius  of  the  earth,  ao  that  if  a  lunar  meteorite  ia  to  fall 
on  the  earth,  it  must  do  so  the  first  time  it  goes  round.  The 
jouniey  of  a  meteorite  from  the  moon  to  the  earth  ia  only  a  outlier 
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of  days,  and  therefore,  as   moteorit«s  are  stiU  ftUin**,  it  would 
follow  that  they  must  stUl  be  constaittly  ejected  from  the  moon. 
Tlie  volcanoes  on  the  moon  are,  howerer,  not  now  active ;   ob- 
servers  have   longr  studied  its  eurfaoe,  and  they  fiud   no   reliahle 
traces  of  volcanio  activity  at  the  present  day.     It  is  utterly  out 
oE  the  cjueetioQ,  whatever   the   moon   may   once  have   been   able 
to  do,  that  at  the  present  date    she  should  still  continue  to 
launch    forth    meteorites.      It    is   just   possible   that    a    meteorite 
expelled  from  the  moon  in  remote  antiquity,  when  its  vole&uoea 
were  active,  may,  under  the  influence  of  the  disturbances  previously 
excepted,  have  lis  orbit  so  altered,  that  at  lenf^tb  it  oomea  within 
the  reach  of  the  atmosphere  and  falls  to  the  earth,  but  under  no 
other  circnmstauces  could  the  moon  send  us  a  n)et4s>rite  at  pn<«ent. 
We  are  therefore  compelled  to  look  elsewhere  in  our  search  for 
volcanoes  fulfilling  the  conditions  of  the  problem. 

I^et  us  now  direct  our  attention  to  the  planetK,  and  examine  thi 
circumstances  under  which  volcanoes  located  Ihcn-on  could  ej< 
a  meteorite  which  should  ultiniutdy  tumble  on  the  earth.  \Vo 
cannot  see  the  planets  well  enough  to  tell  whether  they  have  or 
ever  had  any  volcanoes ;  but  the  almost  universal  presenoe  of  heat 
in  the  large  celestial  masses  seems  to  leave  us  in  little  doubt  that 
some  form  of  volcanic  action  may  he  found  in  the  planets,  wj 
may  at  once  dismiss  the  giant  planets,  such  as  Jupiter  or  Saturn: 
their  appearance  is  very  unlike  a  volcanic  surface ;  while  their 
great  muss  would  render  it  necessary  to  suppose  that  the  meleoritM 
were  expelled  with  terrific  velocity  if  thoy  are  to  euccevd  in  e«eu|>inM 
from  the  gravitation  of  the  planet.  Applying  the  rule  already 
given,  a  volcano  on  Jupiter  would  have  to  be  five  or  aix  times 
as  powerful  as  the  volcano  un  the  carlh.  To  avoid  this  difflcalty, 
we  naturally  turn  to  the  Bmnller  planets  of  Uie  system  ;  take, 
instance,  one  of  that  innnmcrnhle  host  of  minor  planets,  and  let 
inquire  how  far  this  body  is  likely  to  have  ejected  a  misailu  whi 
•hould  fall  upon  the  earth.  Some  of  theM  planets  are  only  a  few 
miles  in  diameter.  Therv  arc  bodies  in  the  t>olar  xystem  so  beuII 
that  ft  very  moderate  velocity  would  be  Kuflicicnt  to  proJMt  k 
missile  away  from   them   altogether.     We   buve,  indeed. 
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illiixtmUfl  thi«  point  in  disctusing  the  minor  plaoeU.  In  a  cricket 
mntch,  on  a  pliioet  twenty  miles  in  disRMter,  a  succesoful  hit 
niifrht  actimUy  drive  tlte  ball  away  never  to  retnm ;  the  field  would 
wait  in  vain  for  ita  descent,  the  ball  would  have  started  off  in  a 
conic  flection  around  the  buij  in  its  focna,  and  would  never  return 
to  tJie  planet  from  which  it  had  been  driven.  It  has  been  supposed 
that  a  volcano  placed  on  one  of  the  minor  planeta  might  be  quite 
powerful  enough  to  drive  off  the  meteorites  so  as  to  wander  through 
space  until  tie  chapter  of  accidents  brought  them  into  collision 
with  the  earth.  There  is  hut  little  difltculty  in  supposing  that 
there  should  be  such  volcanoes,  and  that  they  should  be  sufficiently 
powerful  to  drive  bodies  from  the  surface  of  the  planet;  but  we 
mutt  Tvmcm1>er  that  the  bodies  are  to  fall  down  on  the  earth,  and 
certain  dynamical  conuderations  here  come  in  which  merit  our  close 
attention.  To  concentrate  our  ideas,  we  shall  consider  one  of  the 
minor  plnnets  in  particular,  and  for  this  purpose  let  us  take  Cem, 
which  is  a  small  object  revolving  in  an  orbit  exterior  to  )rars.  If 
a  meteorite  is  to  fall  upon  the  earth,  it  must  pass  through  the 
narrow  ring  some  S,000  miles  wide,  which  marks  the  earth's  path  ; 
it  will  not  do  for  the  missile  to  pass  through  the  ecliptic  on  the 
inside  or  on  the  outside  of  the  ring,  it  must  be  actually  through 
this  narrow  strip,  and  then  if  the  earth  happens  to  bo  there  at  the 
same  moment  the  meteorile  will  fall.  Tlie  lirst  condition  to  be 
secured  is,  therefore,  that  the  path  of  the  meteorite  shall  traverM 
this  narrow  ring.  This  is  to  be  effected  by  projection  from 
some  point  in  the  orbit  of  Ceres.  The  missile  on  leaving  Cem 
will  ascend  in  a  conic  section  around  the  sun  in  the  focus,  and  will 
then  descend  so  aa  to  cross  the  ecliptic  again,  at  a  point  within  the 
narrow  strip  referred  to.  Ceres  is  it«elf  moving  in  its  orbit  witli 
ft  high  velocity  of  about  eleven  miles  a  second,  so  that  Ihs  actual 
velocity  of  the  projectile  will  be  tito  resultant  obtaini-d  hy  com- 
pounding the  volcanic  velocity  with  the  orbital  velocity.  It  cau 
be  dwwn  on  purely  dynamical  grounds  that  a  meteorite  projected 
frmn  a  point  in  the  orbit  of  Ceres  could  not  intersect  tlie  earth's 
orbit  unless  the  velocity  perpcndinilar  to  the  ladius  at  the  instant 
of  projection  were  about  eiglit  miles  a  aocviMl.     But  tlw  velocity 
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ot  the  planet  ia  about  olevcii  milut  a  second  in  Uita  dirmtiou.  It 
vouM  tkLToFore  be  ii&cc^iULry  for  the  volomic  velocity  to  abmte  tiiv 
velocity  j)er]i(>[Klii;iilur  tu  the  mdiue  by  nt  IciLgt  thr«v  iiiili<«  a  woand. 
Thi»  in  a  sigiiitlfant  result ;  the  volcanic  eiiertfv  miffioioiit  Ut  n- 
niove  the  prujeutile  frgin  Cen.'*  may  be  Miinll  vimugh,  hut  if  thitt 
projectile  ia  ever  to  crow  tlie  vnrtli's  tntck,  tW  <lynamiviLl  m)uin- 
menta  of  the  ciLie  show  that  wo  mimt  huvc  n  volcano  on  Cere*  Bt 
tlie  very  least  of  three-mile  potver.  We  have  thuti  gaimtl  but  Uttlc 
by  tlie  Bug^edtiou  of  a.  minor  [ilauet,  for  we  have  not  foiiixj  thut  u 
moderate  volianic  power  would  be  adeijtuite.  But  there  ia  unotbor 
difficulty  iu  the  case  of  Ceres,  inasmuch  aa  the  riug  on  tlw 
eeliptiu  ia  very  nuriuw  in  compariauii  with  the  other  dimeuKUina 
of  the  problem.  Ceres  is  a  long  way  off,  and  it  would  tvquint 
very  great  aecurucy  in  volcanic  practice  on  Ceres  to  project  > 
missile  so  that  it  should  just  traverse  this  rin);  and  fall  neither 
inside  nor  outside.  Tht^re  must  he  a  great  many  uiisseu  for  every 
bit.  We  have  attempted  to  make  the  calculation  by  the  ai<l  of  tlw 
theory  of  probabilitiea,  but  it  is  a  question  not  very  easy  to  state 
dellnilely.  If  the  total  velocity  with  which  the  prujectiU'  leaves 
the  orbit  of  Ci'rcs  bo  lesa  tbun  eij^bt  miles  »  second,  tliea  the 
projectile  will  full  short  of  the  earth's  track.  Ou  the  other  hand, 
if  the  total  initial  velocity  exceed  sixteen  miles  a  second  the  orbit  in 
which  the  projectile  pas&ed  will  be  hyperbolic,  and  though  it  mav 
cra*»  the  earth's  tiaik  once,  it  will  never  do  so  aj^in.  Taking 
iL  mean  between  these  extreme  X'elocities,  we  may  investigate  the 
following  problem.  Suppose  that  a  projectile  is  diachar^'<d  in  a 
rniidom  direction  from  Ceres  with  the  totul  initial  velocity  of  twelve 
niik'it  a  seeond  (resulting,  of  course,  from  the  compositiou  of  the 
velocity  of  projection  with  the  actual  orbital  velocity  of  Cerm),  ■ 
what  ia  the  probability  that  this  projectile  shall  cross  the  eartb't 
tnu'k?  Solved  by  the  theory  of  probabtlitit^s,  we  Ihid  that  the  clianvra 
against  this  occurrence  sre  about  5U,UU0  to  1,  so  that  out  of  ev*ry 
&U,UOO  projectiles  huiled  from  a  point  ia  the  orbit  of  Ceres  only  a 
single  one  can  be  expected  to  cross  the  track  of  the  earth.  It  ia  tliM 
evident  that  there  are  two  objections  to  Ceres  (and  the  Hamo  may 
be  soid  of  the  other  minor  planets)  as  a  possible  source  of  the 
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motroritce.  Firstlr,  tliat  notwitbgtanditif*  the  email  mass  of  th« 
pknct  a  very  powerful  volcano  would  still  be  roquirwl ;  and  secondly, 
that  wo  are  oblifi;ed  to  a»iume  that  for  every  tnet«orit«  which  could 
ever  fall  on  the  earth  at  least  5I),U0()  must  have  been  ejected.  It  is 
thus  plain  that  if  the  meteorites  have  really  been  driven  from  some 
planet  of  the  eolar  aystera,  large  or  smallt  the  volcano  must,  from 
one  cause  or  another,  be  a  very  powerful  one.  As  we  mort  have  a 
very  powerful  volcano  in  any  ease,  we  are  led  to  inquire  which 
planet  jrassessea  on  other  gjouuda  the  greatest  probability  in  its 
favour. 

We  have  already  spoken  of  the  volcanoes  on  the  earth,  and  we 
admit  of  conrae  that  at  the  present  time  they  are  utterly  devoid 
of  the  neoenary  energy ;  but  were  the  terreslrial  voleunoee  always 
BO  feeble  as  they  are  at  present?  Grounds  are  not  wanting  for 
the  belief  that  in  the  very  early  days  of  p-olopical  time  the 
volcanic;  energy  on  the  earth  was  much  greater  than  at  present. 
We  admit  fully  the  diflieulties  of  the  view  that  the  meteorites 
have  really  eome  from  the  earth;  but  they  must  have  some  origin, 
and  it  is  reaaouablo  to  indicate  the  source  which  seems  to  have 
most  probability  in  its  favour,  (irant  for  a  moment  that  in  the 
primsval  days  of  volcanic  activity  there  were  some  mighty  tJiroea 
which  hurled  forth  missiles  wilbtheadeqnate velocity :  these  missiles 
would  ascend,  they  would  pass  from  the  gravitation  of  the  earth, 
they  would  be  seized  by  the  gravitation  of  the  sun,  and  they 
would  be  compelled  to  revolve  around  thtr  iun  for  ever  after.  No 
doubt  the  resistance  of  the  air  wouhl  tw  a  vvry  great  difheuEty,  but 
^ia  nmstane*  would  be  greatly  Icmened  were  the  enter  at  a  vcry 
iagh  dmtioD  above  the  wea  Uvii.  Some  of  thcae  objects  might 
poilHip*  rovolvo  in  hyperbolic  orhits,  and  retrcnt  norcr  to  return, 
while  otbm  would  he  driven  into  elliptic  paths.  Round  the  run  thwe 
objects  would  revolve  for  agea,  but  at  each  revolution — and  Ihto  is 
the  important  point — tliey  would  traversv  the  point  from  which  they 
were  originally  laimched.  In  other  words,  every  object  so  pro- 
jectod  from  the  earth,  would  at  each  revolution  cross  the  track  of 
tlH!  eurth.  We  have  in  this  fact  an  enormous  probability  in  favour 
of  the  earth  as  oontraated  with  Ceres.     Only  one   CereiMijvcted 
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meteorite  out  of  every  50,000  eould  po«)iibly  cross  tJie  earth's  tnck, 
while  every  earth -projected  meteorite  would  ncwrily  do  no. 

If  this  view  be  true,  then  there  mu«t  be  cauDtless  bowt«  of  mut«- 
orites  travcning  epace  in  elliptic  orbits  Around  the  sod.  All  thva* 
orbit*  have  one  feature  in  common  :  they  all  intersect  the  tnck 
of  the  enrth.  It  will  Komctimes  happen  that  the  earth  is  found 
at  this  point  at  the  moment  the  meteovit«  is  cronin^;  wheo  tbb 
ifl  the  ctue  the  ]»i)g  travels  of  the  meteorite  arc  at  an  end,  sod 
it  tumbles  buck  on  the  earth  from  which  it  ported  eo  tamny 
ages  ago. 

It  is  well  to  emphasise  the  contnut  between  the  luutr  theory 
of  meteoritM  (which  we  think  improbable],  ami  the  terrestnal 
theory  (whiith  apjM'arn  to  be  jirobable),  Foi  the  lunar  theory 
it  would,  OB  we  have  seen,  be  necessary  that  some  of  the  lanar 
volcanues  should  be  still  active.  In  the  terrestrial  theory  it  is 
only  uccessary  to  8U]>poiie  tliat  the  volcanoes  on  the  earth  o&m 
posiivseed  eufEcicnt  exphniivc  energy.  Xo  one  suppoMes  tlutt  the 
Toloinoes  at  preoent  on  the  earth  eject  now  th«  fragin<>nt8  which 
arc  to  form  future  meteorites ;  but  it  seems  probable  that  the 
earth  moy  be  now  slowly  giithcHiifir  back,  in  these  quiet  timoi, 
the  frAgmeuta  she  ejccteil  in  an  early  stage  of  her  history.  As* 
suming,  therefore,  with  Tschermak  that  the  meteorites  have  bod  M 
a  volcanic  origin  on  some  coneidemblc  celestial  body,  we  an*  led 
to  agree  witli  those  who  think  that  most  probably  tJiHt  body  is 
the  oorth. 

Wo  cannot  forbear  to  mention  one  or  two  circumittuiices  which 
seem  to  corruboratc  the  view  tlukt  the  meteoritM  are  reaJly  ot 
ancient  terrestrial  origin.  The  most  characteristic  constituent  of 
meteorites  is  tlie  alloy  of  iron  and  nickel,  which  is  almost  univer- 
sally present.  Sometimes,  aa  in  tlie  Bowton  siderite,  the  whole 
object  consiets  of  little  else,  oomeCimes  tliis  alloy  is  in  Kmitu 
distributed  through  the  moss.  When  NordenskjuU  discovend 
in  Greenland  a  mass  of  native  iron  eontjiining  nickel,  this  vnu 
at  once  regarded  as  a  celestial  visitor.  It  was  called  tlu 
Ovifak  meteorite,  and  large  pieces  of  tlie  iron  were  oonvercd 
to  our  museums.     There  is,  for  instance,  in  tlM  British   Mua«ain 
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a  most  interesting  exhibit  of  the  Ovifak  substance.  Close  exami- 
nation shonrs  that  this  so-calleJ  meteorite  lies  in  a  hec]  of  luutalt 
which  has  been  vomited  from  the  interior  o(  the  earth.  Tliooe 
who  believe  in  the  metaorio  ori^iu  of  the  Ovifiilc  iron  are  eon- 
strained  to  a4loiit  that  shortly  after  the  eruption  of  the  bamlt, 
and  while  it  was  still  soft,  this  Btu{H.'n(Ious  iron  meteorite  ot 
^gantic  mass  and  bulk  happened  to  fall  into  tJii<  particular 
soft  bed.  The  view  is,  however,  steadily  ^iuin^  ground  lliat 
this  ^eat  iron  mass  was  no  celestial  visitor  at  all,  but  tliat  it 
simply  eame  forth  from  the  int«rior  of  the  earth  with  the  basalt 
itself.  The  beautiful  specimens  in  the  British  Museum  show  how 
tlui  iron  graduates  into  the  basalt  in  such  a  n-ay  as  to  make  it 
liighly  probable  that  the  source  of  iho  iron  is  really  to  be  sought 
in  thu  earth  and  not  external  thereto.  Should  further  research 
ntablish  this,  as  now-  seems  probable,  a  most  important  step  will 
have  been  taken  in  proving  the  terrestrial  origin  of  meteorites. 
If  the  Ovifak  iron  be  really  associated  with  ttie  basalt,  we  liave 
a  proof  that  the  iron>nicl(el  alloy  is  indeed  a  terrestrial  substaneo, 
found  deej)  in  the  interior  of  the  earth,  and  aasociated  with  volcanic 
phenomena.  This  being  so,  tt  will  be  no  longer  difRcult  to  account 
for  the  iron  in  nndoubti.4l  meteorite*.  When  the  vast  volcanoes  were 
ID  activity  tliey  ejected  maMes  of  this  iron-alloy,  which,  having 
circulated  round  the  «un  for  ages,  have  at  last  come  back  again. 
As  if  to  confirm  this  view.  Professor  Andrews  discovered  par* 
tides  of  native  iron  in  the  basalt  of  the  Giant's  Causeway,  whilfl 
the  probability  that  targ«  massea  of  iron  are  there  aaaociat«d  with 
th«  baasldc  formation  was  proved  by  tho  researches  on  magnetism 
of  the  late  Provost  Lloyd. 

Bendes  the  more  solid  meteorites  which  ecem  to  bo  terrestrial, 
there  can  be  no  doubt  that  the  debris  of  ifae  ordinary  shooting  stars 
must  nin  down  upon  the  eanh  in  gentle  xhowem  of  cclivtial  dust. 
The  evidence  on  this  point  is  owrwhclming.  llie  xnow  in  the 
Arctic  regions  has  often  keen  found  stain«yl  witli  tnuva  of  dust 
which  contains  particles  of  iron.  Similar  ]iartioleii  have  htva  found 
in  the  towers  of  cathedrals  and  uudor  many  otlier  circumstjinccs. 
There  can  be  hardly  a  doubt  tliut  aomo  of  the  motes  in  the  auu- 
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beam,  and  many  of  tiie  particles  which  good  hotieekeepen  aUwr  u 
dost,  are  reallj  of  a  coamical  ori^n.  In  the  bunoas  cmitt  <^  tiw 
Challenger  the  dredges  broaght  np  from  the  depths  <x£  the  Atlantic 
no  "wedges  of  gold,  great  anchors,  heaps  of  [peari/'  but  among 
the  mod  which  they  raised  are  to  be  found  nomerona  magoetie 
particles  which  there  is  every  reason  to  believe  fell  &om  the 
ttky,  and  thence  subsided  to  the  depths  of  tlie  ocean.  Saod 
from  the  deserts  of  Africa,  when  examined  under  the  microacope, 
yields  traces  of  minute  iron  particles  which  bear  the  marks  t£ 
having  experienced  a  high  temperature. 

The  earth  draws  in  this  cosmic  dost  continuously,  bnt  the  eaidi 
now  never  parte  with  a  particle  of  its  mass.  The  conaeqiieDoe  ii 
inevitable;  the  mass  of  the  earth  most  be  growing,  and  tboogb 
the  change  may  be  a  small  one,  yet  to  those  who  have  atndicd 
Darwin's  treatise  on  "Earth-worms,"  or  to  those  vrho  are  ac- 
quainted with  the  modem  theory  of  evolution,  it  will  be  manifest 
that  stupendous  results  can  be  achieved  by  alight  caiiaes  whidi 
tend  in  one  direction.  It  is  quite  probable  that  an  appreciable 
part  of  the  solid  substance  of  the  earth  may  thus  have  been  derived 
from  meteoric  matter,  which  in  perennial  showers  descends  upon 
its  surface. 
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Wbonco  the  ItnporUnc*  o(  the  SaUr  Sf«t«in  ?— nomo— Viaw  in  Hpaco — Othw 
Stalkr  Syitcnu— Tho  8un  «  Stu — Stan  am  Solf-LuDiinoua  Wc  mq  tliD  Point* 
of  Light,  but  nothing  gIk— Tbc  CoiutoUatiaai — Thv  llnuit  llMr  uiii  Ihs 
P(iintan~-Th«  I'olo  Htur— <JI*«>iop«ia — AadromaU,  I'riruu»,  Ktid  lVni*ii*— Tho 
PleUdw;  Auriffa,  CUpidln,  AlJabuan^Ttanw,  Onio,  Siriuti  CmIof  Mid 
Polliu^Tho  Lion— Itootci,  COrobk,  aod  HorauU*— Virgo  uid  Spiea — V«gK 
■nil  Lyra— The  Swan. 

Ix  the  previous  chapten  of  thit  work  vc  have  considered  the 
tun  aud  the  a^stem  of  pluiietst  and  other  bodiv*  vfaioh  revolve 
in  obedience  to  bis  jtotent  ■wuy.  We  have  found  in  the  survey 
of  Uiia  H^nrtent  much  to  imprcw  tu,  and  mucli  which  ia  CftI* 
ciliated  to  awaken  <nir  cont-eptions  to  the  stupendous  scale  on 
which  tJie  heaveai  are  coDotructcd.  It  is,  liowcver,  dcsirmble  that 
wc  should  not  disffuise  from  our  thoa^ht^  the  circumstances  which 
leaul  us  to  attribute  to  the  solar  Bystem  a  position  of  soch  im- 
portance in  the  scliemc  of  the  unirerae.  It  is  the  Eact  of  oar 
residence  on  a  pliinet  helonf^n^  to  the  solar  system,  which  give* 
the  solar  syst<?ni  its  great  iin{)ortuncc  in  oitr  eyes.  The  solar 
system  is  our  ubode  in  the  univeriie.  The  otlier  planeto,  Meteiuj, 
Venus,  Man,  Jupiter,  and  Satuni  ore  our  neig-hhourt;  the  moon 
it  our  in)ie]>arable  attendant;  while  the  sun  is  the  lamp  which 
gives  us  light,  and  the  fire  which  gives  us  warmth.  It  thus 
happens  that  in  our  eyes  the  solar  system  liaa  the  interest  and 
the  familiarity  of  home.  We  are  surrounded  by  it;  its  welfare 
u  oar  wel&re.  We  live  our  tivee  without  perhaps  beetowiiig  many 
thoughts  ad  to  whether  there  may  not  be  other  systems  besides 
ours,  or  as  to  whether  our  solar  system  may  not  be  bu-  surpassed  in 
size  and  in  splendour  by  many,  perhaps  we  might  say  by  countlessj 
other  systems  in  the  univerw. 
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When  wc  become  aware  of  the  ruistvncc  of  such  systems, 
multitude  of  qucgtions  arise.  We  long  to  know  iLeir  details; 
long  to  know  the  axe^  of  thnse  great  suiin,  and  tlie  diinenBione 
the  planets  which  circulnte  around  them ;  we  long  to  see  the 
BguratiuD  of  their  planets,  to  leani  n-liat  their  anrface  js  like,  and, 
it  may  be,  to  epecnlatu  on  the  possibility  of  their  being  inhabiti 
We  long  to  compare  or  to  oontraat  Hucb  systems  with  our  own 
t«  ask  whetlier  those  planets  have  satellites,  as  ours  hiive ;  wheth. 
thoac  sunn  nhow  the  reinarkable  features  which  cliaracteriae  oor 
Ban;  whether  they  are  attended  like  our  own  sun  by  innomembte 
comets.  Have  they  showers  of  shooting  stars,  as  wb  have  ?  Socb 
are  a  few  of  the  questions  which  occur  to  we  when  wc  pass  fno 
a  review  of  the  solar  system  to  the  study  of  the  other  systems  i 
spaoe. 

Iliese  questions  can  be  asked,  but  can  they  be  answeml 
In  great  part  thoy  cannot.  These  other  systems  are  I'lun, 
into  space  to  a  distance  so  appalling,  that  all  those  cletaita  whi^ 
we  arc  BO  anxious  to  learn  become  utterly  lost  by  distance. 
Of  the  planets  surrounding  these  systems  we  can  s«e  nnthin 
though  hero  and  there  their  |>resence  can  be,  as  it  were,  fel 
and  thus  their  existence  is  made  probable.  Of  th«M  syatenu, 
that  we  see  ore  what  wc  call  the  stare — thow  gems  of  light 
that  stud  the  midnight  ^ky.  These  stars  are  t]>e  suns  uf  Ihe 
distant  system*,  but  their  <liitt»nce  is  such  that  tltey  have  entirely 
lost  the  glory  which  we  attach  to  the  word  snn.  Yut  that  thry 
really  are  sunn  can  bi.>  eauily  i^hown.  We  shall  merely  nlludt;  to  the 
subject  now,  and  we  shall  diseuis  it  more  fully  hereafter,  Suppov 
that  a  traveller,  endowed  with  a  mimculouK  power  of  voyagiag 
through  space,  were  to  start  from  the  )u>1ar  system  and  soar  amj 
into  tlie  stellar  regions.  A=i  he  receded  he  would  llnil  that  tlis 
eartli  and  the  other  planets  du'iiidlcd  down  nml  gradually  btKans 
invisible.  Still  further  on  he  would  find  that  the  sun  bc'giui  to  lose 
its  splendour,  and  even  its  pre-eminence,  among  the  celestial  bnL 
On  and  on  the  traveller  wings  his  way,  until,  by  Uie  time  he  has 
travelled  over  a  distance  comparable  with  that  which  interwDM 
between  the  sun  and  the  stan,  he  would  find  tJuit  our  bud  had 
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dwin4lod  down  to  a  sUir  uot  so  bn'gtit  M  many  of  tliOM  \h*X 
twinkle  in  our  ifkics  every  night.  Wo  arc  thuc  led  to  rt-aliM 
HiKt  our  solar  system  is  a  littlv  island  |;rotip,  situated  at  the 
moirt  appalliiij;  distances  from  tlie  star*.  Tlie  solar  syst«ni  is 
i8olat«d  from  its  neighbours  just  as  a  roi-k  a  few  ynnls  scjtuira 
in  tiie  middle  of  the  Atlantic  would  be  isolated  from  the  eo»st« 
of  Europe  and  of  Ameriea. 

It  is  very  tviiential  to  observe  that  the  stars  we  see  are  bodies 
which  shine  by  their  own  lij^ht.  Aldel^mn  shines  with  a  light 
not  very  uiilikv  that  which  comes  from  Mars.  The  planets  are, 
indeed,  not  unfretiuently  mistaken  for  stars,  and  Mars  are  often 
mivtnkcrQ  for  planets ;  yet  no  language  c«n  be  too  strong  to 
einpliiiicise  the  vast  ditferenn-  iK-twocn  bodies  belonpng  to  the«e  two 
clas«<w.  If  Aldcbaran  luoki;  like  Man),  the  rewinhtance  is  quite  a 
fortuitous  one.  Aldebaran  is  probably  thousands  of  times  as  large 
at)  Mara,  and  it  is  certainly  hundreds  of  thousands  of  times  as  far 
off.  But  this  is  by  no  means  all  the  differt-uce;  it  is  not  even  the 
chief  difference.  Aldcbumn  i^  a  eini.  It  has  its  own  light,  and  is 
a  body  intensely  heated  and  jflowing.  just  like  our  sun ;  but  Mars 
Itns  no  li^fht  of  its  own.  Mars  is  as  dark  as  an  ordinary  stone,  and 
is  only  visible  from  the  fact  that  the  rays  of  light  from  our  sun 
shine  u|)on  it. 

We  are  thus  led  to  perceive,  that  although  tlic  points  of  light 
which  we  sec  in  stetlar  space  arc  one  mid  all  suns  on  their  own 
account,  yet  we  do  not  see — we  ikW  not  es[>ect  to  ace — any  of  the 
dark  bodies  in  their  neighbourhood  which  are  illuminated  by  their 
light.  We  can  hardly  avoid  acquiring  by  this  thought  a  greatly 
enlargi>d  conception  of  llw  ini[)ortanoe  and  the  extent  of  the 
stellar  regions.  As  a  tmvclh^r  at  night  looks  down  on  the  distant 
city  from  the  height  which  he  haa  attained,  he  see*  in  that 
city,  not  the  houses  or  the  monuments,  not  even  the  cbnrcfaes  or 
the  (>Teat^Bt  buildings,  all  he  sees  are  the  bright  points  of  light 
scattered  here  and  there  in  the  gloom.  Some,  perhaps,  may 
be  the  ligbta  which  Mrrc  to  guide  the  wayfarer  through  the 
streets ;  some  may  he  the  lights  proceeding  from  the  houses  wliere 
rejoieisg  and  feasting  are  going  on;  some  will  1>e  the  light* 
I  2 
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whi-re  [>at!ent  watcbere  inioister  to  tHe  vnai*  of  llie  ripIc 
dying :  but  of  the  purport  of  tbeee  ligbto,  of  what  thm* 
illumiD«t«,  the  distant  tmreller  sees  nothing  uid  knows  notlung 
h(>  sees  the  li{;hts,  but  he  can  see  nothing  el«o.     So  it  lb  when 
look  on  the  starry  host — we  we  the  bright  pnitit*  of  light,  but ' 
see  nothing  else ;  of  all  the  dark  objects  illiiminikt«(l  by  those 
we  see  absolutely  nothing.     We  cannot  mist  the  conjectora 
this  nusocu  universe  is  of  gr«at  interest  and  eomplcxitjr,  tt 
w(>  are  unable  to  see  anything  more  than  the  systum  of  lights 
which  it  is  illuininiitcd. 

But  though  our  acquaintance  with  the  sideml   uiiireroe  ta 
narrowly  limited  that  only  objects  of  colossal  diincnnotu  can 
seen  in  our  gr<>At«4t  tctL-wo{)C8,  yet  Uie  field  within  our  reaefa . 
replete   with    itit<-reHt>      Li-t  us  in  this  ehai>ter   naako    a 
survey  of  the  •iderral  heavens,  and  wc  shall  nibsecjunitly  d«r«tap 
the  BuhJMt  in  iU  clifferent  as|K'ctK. 

The  studtmt  of  astronomy   should   make   himself   aoqt 
with  the  principal  constellations  in  the  heavens.     This  u  a 
pleasing  acquirement,   and  should    form    a   part   of    the 
ttun  of  every  child  in  the  kingdom.      We  shall  commMUM 
discussion   of   the  sidereal   system   with   a  brief  uocount   uf  tl 
princii>al  conittellations  visible  in  the  northern  hemisphere,  am] 
shall  accompany  our  description  with  sucb  outline  mapa  of 
slarH   as   will    enable    the    iK^ginner   to   identify   the    objectc 
shall  name. 

We  have  in  an  earlier  chapter  direct4xl  tlie  attention  o£ 
student  to  the  remarkable  coustellation  of  staia  which  are  loton 
to  astronomers  as  IJrm  Major,  or  tlu-  Great  Bear.  It  is  thv  mnt 
conspicuoua  group  in  the  nortliem  skief,  and  in  northern  latitoila 
it  never  set«.  At  eleven  p.m.  in  the  mouth  of  April  the  Gnkot  Boi 
is  directly  overhead ;  at  the  same  hour  in  tlie  month  of  S«p(«aih> 
it  is  low  down  in  the  north ;  in  July  it  will  he  seen  m  the  woat ;  it 
Christmas  it  is  in  the  east.  From  the  remotest  antic|uity  thii 
group  of  stars  bas  attracted  attention.  The  stars  in  the  Qniat  Bcai 
were  comprised  in  the  great  catalogue  of  stars,  made  two  tlionasd 
years  ago,  which  has  been  handed  down  to  us.     Front  the  pooit' 
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In  the  first  place,  we  obsen'*  how  tlte  Grcal  Bvar  enaltlea 
Pole   Slnr,   which   is   the  moet  important  objt-et  in  tlio 
hwivcns,  to  he  readily  found.     The  Pole  Star  is  very  convenient!^ 
indicated  by  the  direction  of  the  twi>  stars,  ^  and  a,  of  the  G» 
Biwr,  which  are,  accordingly,  generally  known  as  tbe  "point 
This  use  of  the  Great  Bear  is  shown  on  th«  diagram  in  Fi^.  67, 
which  the  line  &  a,   produced  onwards  and  slig^htly  (MirveJ, 
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conduct  to  the  Fole  Star.     There  is  no  likelihood  of  making  aoT 
misfakc  in  this  «tar,  as  it  is  the  only  bright  one  in  the  ni-ighbow 
hogd.     Once  it  has  been  seen,  it  will  be  mo«t  reiidily  identified 
future  occnaions,  and  the  obicrvcr  will  not   fail   to   notice 
constant  is  tbe  position  which  it  preserves  in  the  beavena. 
other  stars  either  rise  or  set,  or,  like  the  Great  Bear,  they  din  do< 
low    in    the    north   n*ithflut   actually  nctling,  but    the    Pule   SI 
cxhihitx  no  changes  of  thin  magnitude.     In  summer  or  wiuter 
night  or  by  day,  Hh-  Pole  Star  is  ever  found  in  the  samu  pis 
at  least,  to  far  as  ordinary  observation  is  conoemed.     2fo  d, 
whi-n  wc   use   the   acH?unite   instrunx^nltt  of   the    "liservatarv 
notion  of  the  fixity  of  the  Pole  Star  is  dissipated;  wu  then  8e« 
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it  liiu  a  bIow  mdtion,  am]  that  it  <le«cribeH  a  cm*1«  every  twenty- 
four  hours  arouiid  th«  true  pole  of  the  koavcnpi,  which  is  not 
Mncident  with  the  Pole  Star,  though  closely  luljaoeDt  tliereto. 
Thifl  distance  is  at  proGcnt  somewhat  less  tbaii  a  ilej^rcc  nml  a  hiUt, 
iitid  it  is  (•radiially  Itsseiiiii};,  until,  in  the  year  a.d.  201)5,  the 
dixtuuire  will  be  uiidt-r  half  a  det^v. 

The  Pole  Star  Itself  bolon;^  to  another  not  incons]>i<!uou)i  group 
of  stars,  known  as  the  Little  Bear.  The  two  principal  stare  of  this 
group,  nest  in  hrightniis  to  the  Pole  Star,  »iv  sometimes  called 
the  "Guards."  The  Great  Bvur  and  the  Little  Bear,  nith  thetr 
cynosure  the  Pole  Star,  form  a  gruup  in  the  northern  sky  not 
paralleled,  eitlicr  in  beauty  or  in  utility,  by  anything  in  the 
eouthem  heavvos.  At  the  Suiitli  Poh)  there  is  no  conspicuous 
star  to  indicate  it*  poaitiou  approximately — a  circunutam-e  dia- 
advantagooua  to  astronomers  and  to  navigators  in  the  southern 
hemisphere. 

It  will  now  be  eaay  to  odd  a  third  conatcllation  tu  the  two 
already  acKiuired.  On  the  opposite  side  of  the  Pole  Star  to  the 
Great  Bear,  and  at  nlwut  the  Mine  diitAnce,  lien  a  very  pleasing 
group  of  fire  bright  stars,  forming  a  W.  Thne  are  the  mora 
conspicuous  memlM.-rs  uf  the  eoiittellatioit  Caaaiopcia,  which  coO' 
tains  altogether  aliout  fifty-fire  lucid  stars.  Whea  tlio  Great  Bear 
is  low  down  in  the  north,  then  Cassioiieia,  on  the  conlmry,  is 
high  overhead;  wluit  the  Great  Bear  is  high  overhead,  then  Cas- 
siopeia is  to  he  louk<^  for  low  down  in  the  north.  The  configura- 
tion of  the  lending  stars  is  so  striking,  tint  onc«  the  eye  has 
rvcogniMx)  them,  future  identi6catio&  will  be  very  easy — the  more 
so  when  it  u  borne  in  mind  that  the  Pole  Star  lies  midw»j 
betwei'n  CuMsiojieta  and  the  Great  Bear  (Fig.  68).  TbaM  im- 
portant eonstellations  will  serve  as  guides  to  all  the  rest.  We 
aluill  acconlingly  proceed  step  by  step  in  showing  bow  the  learner 
id  to  diatingnish  the  various  other  groups  risible  from  the  British 
Islands  or  similar  nortJiem  latitudes. 

The  next  constellation  to  be  reoagniscd  is  the  imposing  group  which 
contains  the  Great  Stjuate  «f  Peftasiui.  This  is  not,  like  L'rsa  Major, 
or  like  Cosdiopeia,  said  to  be  "  circu  id  polar."    The  Oivat  Sijuare  of 
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Pegasus  »et6  and  riscB  daily.    It  cannot  be  fvcn  convCDieotly  dmH 
tlie  spring  and  the  summer,  but  in  autumn  and  in  winter  the  Co« 
stars  which  mark  the  comers  of  the  square  can  be  vtry  easily  pM 
ceived.     There  are  certain  email  stArs  witliin  the  square  ;   perfasfP 
about  thirty  can  be  counted  by  an  unaided  eye  of  ordinary  power  in 
these  latitudes.     In  tbe  south  of  EurojKr,  where  purer  and  brighler 
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greatly  increased.     An  acute  observer  at  Athens  has  tx>anted  1M 
in  the  same  region.                                                                                 ■ 

The   Great   Square   of   PeRnsus  tan   be   readily  identified   b^ 
imagining  a  line  from  the  Pole  Star  over  the  end  of  CMsiopiiAr. 
This  line  produced  about  as  fnr  again  will  conduct  the  eye  to  t 
centre  of  the  Great  Square  of  Pega*uH  {l""ig-  fi9}. 

The  lino  through  fi  and  a  in  Pegafuv  produced  45*  to  the  son 
points  out  the   important   star   Fomalhaut  in   the    mouth  of   t 
southern  tStb.     To  the  right  of  this  line,  nearly  half<way  down, 
the  rather  vague   conrtellation  of  Aqnarius,  where   a  small  av 
laternl  triangle  with  a  titar  in  the  oentre  may  be  noticoil. 

Hie  Square  of  Pegusus  is  one  itlustiation  of  tbe  absurd  ir«y 
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which  the  bouodanea  of  the  constelUtionB  are  defined.  There  cun 
be  no  more  completely  asiociated  gjoup  than  the  four  stars  of  this 
square,  and  all  four  ought  surely  to  belong  to  the  luiine  cunstellatioii. 
Three  of  the  eomers — marked  a,  0,  7— do  belong  to  Peguus,  hut 
the  fourth  eorni-r — also  mnrked  a — is  soinftimc*  placed  in  a  dif- 
ferent constellation,  known  as  Andromeda,  whereof  it  is,  indeed, 
the  brightest  member.  Tho  remaining  part  of  the  constellatioB 
Andromeda — or,  at  uU  events,  its  hrightest  stari — can  now  be 
reodilj-  found.  They  are  markiHl  ^  and  7,  and  are  readily  identified 
by  producing  one  side  of  the  S<)uarc  of  Pegasus  in  a  curved  direction. 
Wo  have  now  a  retnarkuble  group  of  seven  atan,  which  it  ts  easy  to 
identify  and  easy  to  renieui be r,  although  formed  out  of  parta  belon^;- 
ing  to  tJiree  different  constellatioibi.  They  are  respectively  a,  0, 
and  7  from  Pegaias,  a,  0,  and  7  from  Andromeda,  and  a  from 
Perseus.  The  three  form  a  sort  of  handle,  an  it  were,  extendin|r 
to  a  great  length  on  one  side  of  the  square,  aiiil  are  a  group  both 
striking  in  appearance,  and  very  useful  in  the  further  identifioatioD 
of  the  oelettial  objeds.  0  Andromivltc  wiUi  two  smaller  stars  form 
th«  girdle  of  the  tinfcrlunate  h^^roine. 

a  PtTKCt  lies  hftwe«-n  two  other  rtare  (7  awl  2}  of  the  same 
GODStcllation.  The  three  form  a  curve,  and  if  we  pmlong  that  curve, 
we  ate  conducted  to  one  of  the  gems  of  tlio  northern  Iteavens — the 
benutifu]  reddish  star  Ciiix'lla,  in  the  (.■onKtelluttoD  of  Auriga  (t^g. 
7).  Close  to  Capella  iire  thrc«  suudl  «tani  fomning  an  iaoaceles 
triangle,  thewan  the  Hwdi  or  Kidit.  CapclU  and  Vegii  are  the 
two  most  brillinni  stars  tn  the  northern  henvens ;  and  though 
Vega,  with  its  whiter  ray,  is  generally  cotwiderw!  the  mow  lustroua 
of  the  two,  yet  the  o|»po«iite  opinion  has  been  i-ntertaincd.  Dif. 
ferent  eyes  will  fre4|nently  form  various  estinwtM  of  the  relative 
brilliancy  of  stars  whieh  approach  each  otlier  in  brightoMS.  The 
difficnlty  of  making  a  satisfactory  companKun  between  Vega  and 
Capella  is  greatly  increased  by  th«  wide  dialance  in  l)i«  heavens 
by  which  they  arc  separated,  as  well  as  by  a  slight  difference  in 
colour,  for  Vega  is  distinctly  whiter  than  Capella.  This  contrast 
between  the  colour  of  stars  is  often  anotlier  sonroe  of  uncertainty 
in  tlie  attempt  to  compare  their  rulati™  >t  wben 


actual  Dicasiininenle  are  to  be  effecteii  by  inslmmentiil 

is  neeeswiry  to  comjiare  the  two  stare  alternately  with  some  ob) 

of  iiiterini.*(liiitc  colour. 

Oh  till?  oi>i)06ite  side  of  the  pole  to  Capella,  but  not  qaitff  «* 
faraway,  will  be  found  four  atara  in  a  (jiuidrilateral.     Tbty  foim 


•—i 


.'/OlorViiM 


Pn  kl-tlX^^ 


CappllA 
■■I.Mac 


\  The  Kldi      ^, 


■  TW  PIbImIim 


Wl.  M,i£ 


•-      Tht  Hridn 


^'l||i  TO. — I'enoiu  iiDd  iu  neighbouring  Stan. 


tlii^  l)«id  of  the  dragon,  the  rest  of  whose  form  coils  rigltt 
tho  ))ol«. 

if  we  continue  the  curve  formed  by  the  three  fttnrs  y,  a, 
in  PeraeuH,  and  if  we  bend  round  tJii«  curve  grecvfully  into  om  I 
ail  o[i])osile  flcxiou,  in  the  iiuuincr  ahown  in  Pig.  70,  we  an  i 
conducted  to  two  other  pnnci|ial  atara  in  Pi'nti;us,  market)  < 
PfTaeus  is  one  of  the  richest  n-^ionn  of  tho  lieAveDH,      W^ 
herv  A  moat  splemli*!  portion  of  the  Milky  Way,  and   the  Tiel 
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the  t«leBcop«  are  crowded  with  sUrs  beyond  number.  Even  *  small 
telescope  or  an  opem-glasg  directed  to  thiH  teeming  constellation 
eannot  &til  to  delight  the  observer,  and  coovey  to  him  a  profound 
imptesaion  o£  the  extent  and  maje§tj-  of.the  eidereal  heavens.  We 
shall  return  later  on  to  a  brief  enumcrntion  of  some  of  the  remark- 
able telescopic  objects  in  Perseus.  "Pursuing  in  tho  sniiie  fi^re 
tile  line  «  and  f,  we  are  conducted  to  the  remarkablo  little  group 
known  as  the  Pleiades.  We  have  here  a  sti|r|;(«tvd  n-semblaiice  to 
the  Great  Bear  on  a  much  smaller  scale ;  indoed,  in  many  ways 
the   desi^ation   of   Little  Bear   would   l>c   applied   with  greater 
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propriety  to  the  Pleiades  tlian  to  the  constellation  which  is  actually 
so  called. 

The  Pleiades  form  a  group  so  nniversally  known  and  so 
easily  identified,  that  it  hardly  seems  necessary  to  give  any  further 
sjieeific  instructions  for  their  discover}-.  It  may,  liowevor,  be 
observed  that  in  these  latitudes  tlivy  cannot  bo  awn  during  the 
summer.  Let  us  suppose  that  the  ocareli  ia  tnadfl  at  about  11  p.m. 
at  night:  on  the  1st  of  January  the  Pleiades  will  bo  found  higli 
up  in  the  sky  in  the  south-west;  on  the  1st  of  Murcltj  at  the  same 
hour,  they  will  be  seen  to  be  setting  iu  tlw  west.  On  the  1st  o( 
May  they  are  not  visible;  on  the  Ist  of  July  they  are  not  visible; 
on  the  1st  of  September  they  will  be  seen  low  down  in  the  cast. 
On  the  Ist  of  November  they  wtll  be  high  in  tlic  hi-uvens  in  the 
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sonth-eeet.  On  tlie  ensuing  Ist  of  Jannarjr  the  Plo-iadiii  will  1* 
in  the  same  position  m  they  were  on  the  same  dato  in  the  prfriou* 
year,  and  bo  on  throug-hout  the  cycle.  It  need,  jierliaps,  hanlly  \* 
explained  here  that  these  changes  are  not  really  due  to  muv«imi>tt 
of  the  constellations ;  they  are  due,  of  couree,  to  the  appKnttt 
annual  motion  of  the  sua  among  the  etan. 

The  Pleiades  are  shown  in  the  6^re  on  the  previous  pifce,  & 
group  of  ten,  being  about  the  numher  visible  with  the  unaided  rj* 
to  those  who  are  gifted  with  very  acute  vision.  The  lowest  tdB«- 
copic  power  will  increase  the  number  of  stars  up  to  thirty  or 
forty  (Galileo  saw  more  than  forty  with  hie  first  t«tesoupv)t  wU)* 
with  telescopes  of  greater  power  the  numher  is  largely  iuirtaMd; 
indeeil,  no  fewer  than  l!25  have  heen  counted  with  the  aid  rf  » 
powerful  telescope.  The  (»roup  is,  however,  rather  loo  Urgi-onil 
coarse  for  an  effective  telescopic  object.,  except  with  a  lar^  ficl>l 
anil  luw  power.     In  an  opera-glass  it  is  a  very  pleaeinj^  aiH-^-taRle 

If  wc  draw  a  ray  from  the  Pole  Star  to  Capella,  a  puiiit  ainwij 
determined,  and  produce  this  ray  on  sufficiently  far,  as  shown  ib 
the  adjoining  figure,  we  come  to  the  glorious  constt-Ilatioa  of  «tf 
winter  sky,  the  splendid  group  of  Orion,  The  brilliancy  of  tlir  stsn 
in  Orion,  the  conspicuous  belt,  and  the  superb  teleKCupic  obJMli 
which  it  contains,  alike  render  this  group  remarkable,  aud  plaos  in 
perhaps  at  the  head  of  the  constellations.  The  Ivuding  etw  it 
Orion  is  known  either  as  a  Orionis,  or  as  Bet«lguezi',  by  whUi 
name  it  is  designated  in  the  figure.  It  lies  above  the  thn-v  star^ 
£,  «,  and  X,  which  form  the  belt.  Belelgnese  is  s  star  of  the  fint 
magnitude,  and  so  also  is  Rigel,  on  the  opposite  side  o{  tlie  bolL 
Orion  thus  enjoys  the  distinction  of  containing  two  stars  of  th« 
first  msgnitudo  in  its  group,  while  the  five  other  starv  here  ahomi 
are  of  the  second  magnitude. 

The  neighbourhood  of  Orion  eontains  some  of  the  mc 
porlant  stars.  If  we  carry  on  the  line  of  the  belt  upwartla  to  the 
right,  we  are  conducted  to  another  star  of  the  first  mafnitwls 
Aldehnran,  which  strongly  resemhiea  Betetgueze  in  its  ruddy  oolnu. 
Aldchnran  is  the  brightest  star  in  the  constellation  of  Tniiriis.  It 
is  this  conKt4.-llation  which  contains  the  Pleiades  alrettdy   ivfmnl 
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conducts  Uti>  eye  U>  the  ^m  of  the  sky,  the  vplendiil  ^Lir  Siri 
Thix  U  ail  object  which  is  beyond  all  coatrovcTKy  the  moat  hrilli 
»tar  in  the  hciivens.     It  has,  inilM-d,  be«n  ncvtsaary   to  croaU 
special  order  of  ma^^itiide  wherrin  to  plaoo  Siriux  by  himsiclf ;  ■ 
the  othvr  RrH  magnitude  nXan,  *\w\i  a»  Vegn  and  C'apolla,  Brii 
guezc  and  Aldvbnran,  coming  a  long  way  behind.      Sirius,  wttl) 
few  other  rtun  of  much   ten  \iuAn,  form  the  conetcIlatiuD 
Cat!  is  Major. 

It  is  useful  for  the  Unmer  to  note  the  large  cotiS^mlion, 
an  irre^Iar  loTL-nge  shape,  of  which  the  (our  comcn-  are  tlie  fif 
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nugnitodB  Btorv,  Aldcbomn,  RoUO^iieze,  Siriu«,  and  Rig^*1  (Fig.  71 
The  belt  of  Orion  iit  plucttl  gyinmctnally  in  Uie  centri'  uf 
group,  and  the  whole  Rgiira  is  so  striking  tluit  once  piTcuivvd] 
is  not  likoly  to  be  forgutteii. 

One-third  of  the  way  from  the  Square  of  PcgMue  tu  AldeWr 
a  bright  star  of   the  vceond  magnitude  is  the  chief  star    in 
Ram ;  with  two  others  it  fonna  a  curve,  at  the  othvr  end  of  wl 
will  be  found  7  of  the  same  vonttflliition,  which    wa*    the 
double  star  ever  noticed. 

We  eaii  ugaiu  invoke  the  aid  of  tlie  Great  Bear  to  piiint  oat 
stars  in  the  fouHt«]latii>n  of  Oemiiii  (Fig.  73).     If  the  clitt^^uiial  id 
ing  the  star*  S  and  yS'iif  the  body  of  the  Bear  he  pruducttl  in 
opposite  direction  to  the  tail,  it  will  lead  to  Carter  and  PoUiu 
remarkable  stars  of  the  second  magnitude.    Tills  same  line 
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n  little  furtlu-r  on  imwit  near  tlie  star  Procyon,  of  the  first  maRni- 
tade,  which  is  ttur  only  conspicuous  ohjeot  in  th«  coimtellation  of 
the  Little  Doff. 

The  pointers  in  the  Oryiit  Bear  marked  a,  ff  will  rIko  verve  to 
indicate  the  constellation  of  the  Lion.  IE  w«  produce  the  line 
joining  thorn  in  thv  oppo«t«  direction  from  that  used  in  finding  tUo 
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Pol«,  vrc  are  iToaght  into  the  body  of  the  Lion.  This  gronp  will 
be  rect^niaed  by  th«  ttAr  of  the  flntt  magnitude  called  Rei^iliis. 
It  IB  one  of  a  serita  of  tttant  fonning  an  object  somewhat  resembliiiff 
a  sickle;  three  of  the  group  arc  of  the  second  mBifuitiide.  Tlie 
Sickle  IB  ttpetTtally  famous  in  axtroiinmy  im  containing  the  radiant 
point  from  which  the  periodic  shooting  star  shower  known  oa  th* 
Leonids  diverge,  whik  Rcgtdus  lies  alongside  the  suu's  highway 
through  the  stars,  at  a  point  which  ho  p(u*cs  on  the  21st  of 
Augnat  every  year. 


Ftg,  7i. — Doijtia  and  tbo  Civwn. 


tion   of   BooteB   (Fig.  75).     A  few  otliiT  stara,    nmrked   0, 
and  (  in  the  eame  constellation,  are  also  shown  in  tho  fiiptuc. 
eecme  an  open  question  whether  among  the  stara  vinbW  in 
latitudca  Arcturue  is  not  to  Ik'  placixl  m<xt  to  Siriuit   to 
LrightiR'M,  the  other  two  candidutfM  fur  the  plitou  boiu^  ^'^fT*' 
Cujiclla.     Two  aiurs  in  the  south<>rn  hviniitphere  invUIblo  to 
ktittulc*  termed  a  Centauri  and  Ciuiopu*,  arc  both  much 
than  Arcturus,  Vegii,  or  Capelln. 

In  the  immediate  nei^hhoiirhood  of  Bootes  la  a  atrilcinff  i 
circular  group  known  as  The  Crown  or  Corona  Borealts,      It ' 
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readily  found  from  its  {Mtition  as  iiiijicatfd  in  tlio  i'lgate,  or  it  may 
Im  identified  by  foHoning  iUl*  curved  litie  indicntctl  hy  $,  £, e  and  ^ 
in  till!  Great  Bi-itr. 
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Tke  constellation  of  Vir^  in  principally  charaotorised  by  th« 
^rst  magnitude  star  called  Spica,  or  a  Virginia.  Thin  may 
be  found  from  llu>  Gretat  Bear ;  for  if  the  line  joining  tbi* 
two  etara  a  and  7  in  tbal  <-onsi?]Ution  be  prolonged  witb  n 
slight  curve,  it  will  conduct  tbe  eye  to  Spica.  We  may  bne 
notice  aiiotiwr  of  tho«e  lar^  iMiiRgunition*  whicb  arv  of  great 
awistance  in  tbe  study  uf  tbc  stare.     Ttwre  is  a  Hno  i^uilat«nil 
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■OBUiern  boriuHi,  irocoiiatera  the  Lrillinnt  rtd 

the  ScoqjMm'*  Heart  (Antores),  xrhieh  wia  [h^  *.'  *'*""  ®««1»» 

as  baring  bevn  acfii  with  the  tvlcaeoiw  iu  tli»  j.  !^*  "'*'  "^ 

The  fint  nagniltulc  ^tar,  \-e»a,  ia  Ui<.  «>ni,,e^  |^!"** 
can  be,  perhapn,  mort  readily  found  at  the  conirr    .  '*'"  *^  tW 
of  which  the  Pola  Star  nnd  Arctunis  form  the  b«|[l  /^J*"'**  *"" 
brilliaatwhitrDmoE  Vejpi  cannot  fail  to  arwst  lh«    ^*^'  '''- 
the  amall  groop  of  neijfhbouriny  rton  which  fo-.^     ^"tion,  « 
duce*  one  of  th«  best  <ii'fin«l  constellatioiw.  ^  ''5W 1 
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Near  Wga  ie  another  important  conat«)lntion.  known  itR  the 
an  or  Cjgnus.  Th«  brightest  star  will  be  identifiM  iiii  Hip 
lex  of  a  rigbt-an^W  triangle,  of  which  the  line  from  Vega  lo 
Pole  Star  is  the  base,  ns  ohown  in  Fig.  78.  There  are  in 
;nus  iivo  principBl  stars,  which  form  a  constellation  of  rather 
inrkahle  form. 
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The  last  constellation  which  vn  tihall  here  tluscribo  is  that  of 
lila  or  the  Eiiglo,  which  contains  u  star  uf  the  Rnt  ma^fnitiule, 
in  known  as  Altair;  this  ifroup  eon  l>c  rva4lily  fouitJ  by  a  line 
n  AVpi  over  (9  Cyi»ni,  which  jniisco  n«nr  ttie  line  of  thre* 
a,  forming;  Uie  chunicteristie  part  of  tlw  Kajfle. 
We  bare  lakfn  the  opportunity  to  indicate  iti  Ilieoc  ■ketches  of 
fiMutolUtion*  the  ixiKitionn  of  aome  other  n'onarkulile  telescopic 
wta,  the  (IvtoriptioD  of  whieh  we  must  poatpone  to  the  follow- 
chnpton. 
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Oraipwi«n  Utvom   Om  Son  *iul  the  Slan— l4iiiM  Cmtnutnt  witli  Um 
Stan  (sn  bv  Wuigbod,  but  not  MMiurad— Tha  OompkBlon  of  MiriB*-^ 
miiuLiixi  of  th«  Waif  hi*  nf  Siriiu  and  hU  Ocapanion— Diu-k  }ft 
Stofi— Enomioiia  Nombcr  of  Stan. 

WiRR  indeed  is  the  oontrant  I>etween>.t])e  spUndour  of  tbe  at 
Mini  tttid  the  fc«bl«  twinkling'  of  ev«n  the  brighteiit  of  (Ik 
Tbl*  eontnuit,  «i  forcible  to  our  ordinary  obeervation,  can 
mitt«d  In  the  test  of  »e1ual  lueiasureineot.     Let  us  tjiki*  th» 
brilliant  «tiir,  Siritw.    Wu  ciiu  dett.'nnine  by  «xp«riinDiit  the  uiu 
of  timiM  \>y  which  the  light  of  Siniut  is  aarpaeeed  hy  the  lij^ht  i 
sun.     It  is  true  we  nuinot  tnaki'  that  (nrnparigon  dir4.<ctly. 
bright  <litvlij^Ut  SiriiiN  utntiot  even  be  seen,  much  leatt  can 
bo  Dii-wuTv-d.     But  we  van  t^ke  the  full  ninon  as  an  int 
it«))  between  the  glory  of  the  sun  and  the  feeble  twinklt*  of  I 
It  liaa  been  found  that  the  light  from  the  sun  is  abctut 
times  aa  great  aa  the  light  from  the  full  moon.      Sirtiu 
full  maim  can  be  compared  together,  and  by  ttuit»ble   pbc 
the  quantity  of  light  from  the  two  bodies  out  be  meaaorad. 
be  shown  that  the  %ht  of  about  33,000  Btan,  equal   to 
would  produce  an  tllutninAtion  equal  to  tlutt  of  the  moon 
have  thus  the  necessary  B^res  Cor  comparing  the  brUlisncyJ 
ran  with  the  brilliancy  of  Siriu«,  and  the  rwult  is   iiw)e«d 
ficant.     The  light  from  the  sun  is  alwtit  twenty  ihousatwl 
times  as  great  as  the  light  from  SiriiU'. 

But  do  these  figures  truly  reprexcnt  the  relatira  itnpiii 
the  sun  and  Siriua?     lUcoUect  where  we  are  placed.      Our 
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ut-ar  the  mim  ;  it  in  very  fur  from  Siriuf.  Our  earth  k  not  properly 
placi^l  for  iin  impartiul  cotnparieon  between  the  eplcndour  of  the 
Hun  and  |]k>  epiendnur  of  Siriua.  To  make  such  a  comparison,  the 
earth  xhoiild  bo  placed  midway  between  the  two  bodies,  to  that  we 
eould  Inok  at  Siri»«  on  one  eide  and  the  enn  on  the  other,  tindur 
preeiM'ly  nimitar  circiim»tanoeB.  Into  itiu-h  a  position  our  vnTih 
never  Ua«  come,  and  never  will  eome.  How,  then,  is  the  real 
comjmrison  to  be  necomplished?  In  thio,  im  in  mony  other  ca«esi 
it  IB  iKiBsilde  to  determine  by  calculation  whnt  it  is  im]K)«eilile  to 
a»\Tlaiii  I>y  exjieriment.  It  has  been  found,  l>y  obitervation,  that 
SiriiiH  JH  ahmit  one  million  lime*  ax  far  from  uk  ax  tlie  sun.  If  wo 
take  the  distance  of  Siriiio  fnun  the  earth,  imd  xuhHlivido  it  into 
one  million  ecjiial  parix,  each  of  thexe  partx  would  !«  long;  enough 
to  span  tliat  grmt  dinlanee  of  92,7OU,0U()  milex  from  the  earth 
to  th«  sun.  If,  therefore,  the  eartli  were  to  be  ploeed  half-way 
between  thf  «iin  imd  SiriuK,  the  earth  would  be  five  hundred 
thousand  times  as  far  away  from  the  sun  as  it  is  at  present.  What 
would  be  the  effect  of  thix  ehnnge  upon  the  light  received  from 
the  sun  ?  Take  the  light  of  a  cmi<)1<-  at  one  foot  aa  unity,  then  at 
two  Uvt  the  light  it  retliiued  to  one-foiirtb,  anil  at  three  feet  to 
onii-ninth,  and  so  on.  Th4>  light  retvivcd  from  a  luminouH  source 
varies  "  inverxcly  aa  the  sijaare  of  the  <listan<H;."  Transplanted  to  a 
dutanee  5UU,000  timeji  ax  gmit  as  our  prewnt  distance  From  the 
euQ,  to  what  a  vaxt  extent  must  his  radianee  be  diminished !  At 
present  our  sun  is  as  bright  ax  2 O.OUII.OU 0,0011  stars  each  equal 
to  Sirins ;  but  viewed  from  thb  central  point,  the  light  is  reduced 
to  an  almost  incredible  extent.  Our  sod  would  have  totally  lost 
his  pre-eminence,  and  would  only  send  to  us  unv-twelfth  part  of 
the  light  which  we  now  receive  from  Sirius.  On  tlw  other  band, 
by  shifting  our  station  from  the  vicinity  of  the  sun  to  a  point  half- 
way to  Sirins,  the  lightof  Sirius  will  become  intcnsitivd  in  the  ratio 
of  four  to  one.  Assuming,  then,  that  the  earth  wa«  pliuTnl  in  the 
correct  position  for  testing  tlie  eum]iarative  splendour  of  Sirius  and 
the  snn,  we  should  find,  lir^t,  thai  Sirius  was  incroiiat^l  four-fold, 
and  that  tlw  Kiin  was  so  enonnouHly  n<<luce<]  in  intenmly  ax  to  lu«k 
only  one-twelfth  of  the  original  hri^itnrM  uf  Sirius.     The  eon- 
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eei]uviice  is  incstBtible,  tuMl  fatal  tn  Uk  prc-vntinvuoe  of  th«  nan 
may  state  it  thus:  Sirius  aIimIe  ncttially  foTty'«igbt  timM  as 
li^lit  around  it  as  does  our  son  ;  wc  axv  not  itxactljr  vDtitl*! 
uy  that  Sirius  is  forly-ciffht  timi-K  as  1>ig  ««  tliv  Ktin,  but 
can  Hay  that  Sirius  is  forty -oi^rlit  timt-s  »»  Imllijtttt  or  »<  hjiIi 
111  mnkin;;  this  calculatiou  wv  have  tAkrn  n  luwvr  dc-tomiinoti 
th«  )>rig1iln<«s  of  Sirius  relatively  t<>  th«  stin  than  some  »tltrr 
ful  obK-r  vat  ions  would  luiw  wanrantrd.  U  will  ibus  Im-  et«'n 
if  then!  bu  niiy  uucertaiiity  in  aur  n-sult  it  mu«t  only  be 
whi'tlivr  Striu*  is  not  rvally  nivn-  than  Forly-«ijfht  tiini-s  txA  bi 
M  tliv  «UI1. 

Ih   t'liiH  Htir|uiK«iii[;   ^lory   <>F   Siriu«   merely   due    to   exi 
brilliancy,  <>r  i*  Sirius  n-ally  ii  Umly  which  vimtly  aur|MWsi>a  our 
both  in  intrinsic  imjiurtiiiK^t;  ni<  w«!l  as  in  radiance?     The  igue 
can  only  In-  fully   an«wrred   by  tnoasurinij^  tho  cirt'uiiifere 
Sirius,  and  then  filucin)^  hitn   in  the  weighing  scales.     At 
sight  it  inig;ht  iiecm  tmiru  difBoult  to  a<!hi«ve  the  latter  tban 
former.     Hon-  is  it  iioisible  that  Sirius,  nt  n  distance  of  a  hu 
billions  of  inilw,  ithnuld  be  aotujdly  w<>it:1ifd  ?     Yot  we  cau  wv 
Sirius,  and  wc  cannot  muuurc  liim.     Wc  have  no  idea  what  ih 
actual  bulk  of  Sirius  may  \k,  but  fts  wc  find  that  be  \*  oe: 
heaviur  thun  the  Klin,  wc  may  conclude  that  he  vt.  (irolmbly 
thmi  the  *an,  tbouj^li  we  oan  have  no  certain  kno\vle<]|;e  oa 
point. 

It  ix  certainly  a  very  remarkable  fact,  that  out  of  tlitt  thoi 
of  stars  with  which  the  bcuvena  are  adorned,  iio  Rin^^le  starb 
yet  been  found  which  certainly  showit  an  a]>preciablt!   disc   in 
telweopc.     Wc  are  aware  that  hour-  nliilful  DbiiervvTS   huv« 
that  ccrtiun  amall  stars  do  show  diacs ;  but  we  may  lay  this 
and  u}i]M-ttl  only  to  the  ordinary  fact  that  our  best  tele8cot>es  t 
on  tliu  bri^lilfKl   Ktarn  show  merely  glittering  points   of  lighl 
hopelessly  ttinall  oa  to  elude  our  most  delicate  tnivronit'ters. 
ideal  astronomical  telescope  is,  indeed,  one  which  will   *how 
or  any  other    bright    star   as    nearly  identical   ait    |M>F&il))tf 
Euclid's  dctiuition  of  a  point,  being  that  wbieh   has   no  t>nrt« 
DO  magnitude.     It    will    throw  some  light    on    tliia    qtu-stii 
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coDtidcr  the  telescopic  ap])ciimicc  which  Iho  sun  would  present 
if  viewed  from  Sirius.  Thi^  in  n  ({iicstion  which  we  can 
aofiwer.  We  know  the  <Iiameter  of  the  Ban,  and  we  can  cal> 
ciilat«  how  Ur^e  our  sun  would  look  if  viewed  from  the  standi 
pi>int  of  Sirius.  The  auawcr  is  indeed  s!^ii6cant.  The  size  of 
the  sun  from  this  distance  would  oorn'sjioiid  to  the  size  of  a  half* 
penny  1,600  miles  away.  It  is  hopeleas  to  expect  that  a 
<iuii»tity  so  minute  aa  this  could  be  detect«d  by  any  leleMope. 
When  we  have  a  telescope  mifficieutly  powerful  to  show  animaU 
OD  the  moon,  or  to  show  buildings  on  the  planet  Mars,  then 
we  iiiuy  ho)w  tliat  we  shall  see  the  discs  of  the  stars.  But  thu 
is  utterly  beyond  our  reach.  The  weakness  is  not  merely  in 
the  telescope  J  it  is  inherent  in  every  circumstance  of  the  pro- 
blem. The  stability  of  our  earth  is  not  eufficient  to  afford  a 
secure  foundation  for  a  telescope  of  sach  capadties,  while  even 
the  puKvt  skicB  would  form  media  far  t^ro  turbid.  We  0U|rht, 
thi-reforv,  to  fe«-l  no  surpriiie  at  not  bein^  able  to  detect  any 
diso  of  Siriua ;  were  his  diameter  ten  times  that  of  >Jie  sun,  and 
his  bulk,  therefore,  one  thousand  times  as  great,  the  task  wouki 
be  cciiially  hopeless. 

Abandoning,  therefore,  all'  hope  of  measuring  Sirius,  let  iw 
attempt  to  weigh  him.  Here  we  can  be  successful,  as  we  shall 
proceed  to  domoDstmte.  The  story  is,  indeed,  one  of  no  little 
interest  in  the  history  of  nstTonomical  diKcovery. 

The  splendid  prv-cmincncc  of  Sirius  had  cansed  it  to  ba 
observed  with  minute  aire  from  lliv  earliest  times  in  the  biatoiy 
of  a:>tronomy.  Each  genonition  of  aNtninoiners  devoti-d  time  and 
labour  to  delennim-  Iho  exact  place  of  the  brightest  star  in  the 
heavens.  A  vusl  mass  of  obiter vnt ions  aa  to  Um  place  of  Siriui 
among  the  stars  luul  thus  been  nccumuhit«(),  aud  it  was  foond  tliat> 
tike  many  other  stars,  Sirius  had  what  astronomers  call  premier 
motion.  Comjariag  tlie  place  of  Sirius  now  in  the  heaveas  witlt 
the  plaoe  of  Sirius  one  hundred  yean  ago,  there  is  a  difference 
of  ulxiut  two  minutea  (ISI*)  in  its  situation.  Tliis  is  a  small 
quutily  :  it  is  so  small  that  the  unaided  eye  could  not  see  it. 
Wars  we  suddenly  to  be  transplanted  back  one  century  agv,  we 
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fliould    still    BCu    Sinus    i:i  iU  wi-U-knowD    jilacu   to    the  li-ft 
Oriou.     Ciitvful  alignnii.-»l  by  llw  eye  wouM   hurOly  dct(.>ct  \\ 
Siriu8  was  moviu^j  in  two,  or  oven  in  three  or   in  four  cwntur 
But    the    accuracy   of    the  m^ridinn  ciivle    |!7n«f)*:    these  mina 
(|imDtIties,  and    ^ves  to  them   their   true   ^tignijicance.      To 
rye  of  the  uetronomer,  Si rius,  instead  oF  crevping   alonff  with- 
moveinont  which  centuries  will  not  show,  iv  puneiiinj*  its  nwje 
eiiiirse  with  n  velocity  appropriate  to  his  dimensions.      It  ib  easj  1 
rulculate  that  Sinus  must  be  sweeping  along  at  the  rate  of  a 
eand  miles  a  minute. 

It  is  of  the  utmost  importance  to  obKerve  that  though 
velocity  of  Sirius  is  atout  ]  ,0U0  miles  a  minute,  yet  it  is  boe 
a  httle  more  and  sometiiiies  a  little  lcs«  thun  iti'  mean  value. 
the  aatronomer  this  tiuit  is  pret^ant  wiUi  «ig'niRcBi)ce.  \V« 
Sirius  one  isolated  star,  attended  only  hy  plnnctx  of  comparatii 
insigrnificance,  there  coald  he  no  irreRuInrity  in  its  tnoiioii.  If] 
were  once  started  with  a  velocity  of  1,U00  mile*  n  minute,  then 
must  preserve  that  velocity.  Xeither  the  lapse  of  centtirie* 
the  mighty  length  of  the  journey  can  alter  it.  Tbe  pntb  of  Sirii 
would  W  iiitlexibic  in  it*  direction ;  and  it  would  be  tntvcrsed  wil 
unaltemhle  velocity. 

The  fact,  then,  that  Sirius  was  not  moving  uniformly  was  of  i 
intcretit  that  it  nrivnted  the  attention  of  H«ael  when  he  diiu-ov 
the  irregiilaritief  in  ISIJ.  Itelieving,  as  Dessel  did,  that  tl: 
muftt  he  EHHne  adequate  cause  for  ttieKC  distiirbancea,  it  waa 
possible  to  doubt  what  the  cause  must  be.  Whon  mution  I 
di&turbed  there  mtisit  he  force  in  notion,  and  the  only  Faroe  that 
recognise  in  !<uch  oascii  is  that  known  as  granlation.  But  grxv 
can  only  act  from  one  body  to  another  body ;  so  that  when  wc 
for  the  derangement  of  Sirius  by  gravitation,  we  are  ohtigvd 
suppose  that  there  must  Ih-  st:ime  mighty  and  maaaivu  body 
SiriuB.  The  (jnestinn  was  taken  up  ttj^ain  by  Petora  and 
Anwers,  who  were  able  to  discover,  from  the  tm>galnTitt« 
Siriuf,  the  nature  of  the  path  of  the  disturbing  Iwdy.  They 
itble  to  show  that  this  disturbing  body  must  n'volve  artiutul  Siri| 
in  a  period  of  about  fifty  years ;  and  although  they  <-ouhl 
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thfl  flctuflt  distance  nf  the  unknown  body  from  Sirius,  yet  th«y  wen- 
able  to  poiut  out  tlie  direction  is  whioli  it  must  lie. 

In  many  rvi]TectH  this  wan  a  problem  analogous  to  the  ever 
memorable  di»c<>very  of  the  planet  Neptune.  In  earh  <-a£«  the 
unknown  body  lind  been  manifMted  by  the  i>ertwrbationB  it  pro- 
duced, and  in  eaeb  case  the  unknown  object  waa  discovered  by  the 
calculations  of  the  mathematician,  before  it  was  revealed  to  the 
penetration  of  the  astronomer.  Nearly  twenty  years  had  elapseil 
after  Bessel  bad  predicted  the  disturber  of  Sirius,  before  the  tele- 
scopic discoTcry  which  confirmed  it  was  made.  The  circumstnntvs 
under  which  that  discovery  waa  made  an;  not,  indeed,  to  dramatic 
as  those  which  attended  the  discovery  of  Nejitun*',  but  yet  tbcy 
have  an  interest  of  their  own.  In  February,  1802,  Mcurs.  Alvan 
Clark  and  Sons,  the  eclebratcd  telescope  makers,  were  compk-tinf;  a 
superb  18-inch  object- >■  lass  for  the  Chicago  Observatory.  Tiir^tinp 
the  instnimcnt  on  Sirius,  for  the  purpose  of  tryinf;  it,  the  practise<l 
eye  of  the  younger  Clark  soon  detected  something  unusual,  and 
he  exclaimed,  "  Why,  father,  the  star  has  a  companion!"  The 
father  looked,  and  there  was  a  faint  companion  due  east  from  the 
bright  star,  and  distant  about  ten  secx)nds.  This  was  exactly 
the  predicted  dirration  of  the  comj)n»ion  of  Sirius,  and  yet  the 
observers  knew  nothing  of  the  ]>r«lictioD.  As  the  news  of  thia 
discovery  spread,  many  great  telv8Co])c«  were  point«l  on  Siriuit; 
and  it  was  found  that  when  olwrrvere  knew  exactly  where  to  lo»k 
for  the  object,  many  instruments  would  stiow  it.  Tlie  new  com- 
panion ftar  to  Sirius  lay  in  the  tnie  dirwtion,  and  it  was  now 
watched  with  the  keenest  interest,  to  sec  whether  it  also  was 
moving  in  the  way  it  should  move,  if  it  were  really  the  body  whose 
existence  had  been  foretold.  Pour  years  of  obsen'ation  showtd 
that  this  was  the  case,  so  that  liardly  any  doubt  could  remain 
that  the  telescopic  discovery  had  been  made  of  the  star  which  had 
caused  the  inequality  in  the  motion  of  Sirius.  The  correspondence 
between  the  observed  motions  and  the  predicted  motions  has  not 
since  proved  quite  exact ;  for  the  obwrved  companion  appears  to 
have  move<l  about  half  a  degree  |ier  annum  more  mjiidly  than 
tbe  catcubted  compunion.    This  differcui-e,  though  larger  than  was 
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expected,  may  be  partly  due  to  the  ineritsble  errors  of    tba  { 
ficult  obBervBtioos  from  which  the  movements  of  the  tl 
com|wnion  vere  computml. 

Recent  researches  have  exhibit^  the  mDvements  of  Sirinai 
very  unexpected  way.     Mr.  Hu<;gin8  demonstrated  with   bis 
troscope  in  ISGlit  that  Sirius  was  receding  from  the  son,  whiL 
observers  at  Greenwich  have  found  that  sine*  1 S81  Sirins  faas  I 
approachioj^  the  sua  ! 

The  discovery  of  the  attendant  of  Sirius  and  the  nc 
which  have  been  made  thereon,  give  ua  an  unvwer  to  tb« 
lion — "What  ia  the  weight  of  Sirius?"  Let  us  atteini 
illustrate  this  subject.  It  tnust,  no  doubt,  bo  ndtnitted  tl 
numerical  estimates  we  employ  are  to  bo  received  with  a 
degree  of  caution.  The  companion  of  Siriu*  U  u  difBiralt  < 
to  observe,  and  the  measurement^^  ret|uire  great  tk-licacy.  Wi 
therefore,  hardly  as  yet  in  n  position  to  >)K«k  with  accurwy 
the  periodic  time  in  which  the  cumpnoion  completes  itx  rcvolu 
We  shall,  however,  u&iug  the  best  observations  available, 
thia  lime  to  lie  forty-nine  years.  We  also  know  the  distsnoe  I 
SiriuM  to  Ills  companion,  and  we  may  take  it  to  be  mbout  thfl 
seven  times  the  distance  from  the  earth  to  the  sun.  It  is  aseful,  l 
th«  I'lrst  place,  to  comjwie  the  revolution  of  the  com|>aaion  aiM 
Sirius  with  the  revolution  of  the  outermost  plaut-t,  Neptn 
around  the  snn.  Taking  the  earth's  distance  as  unity,  tlie 
of  the  orbit  of  Neptune  is  about  thirty,  and  Neptune  tnkea 
years  to  accomplish  a  complete  revolution.  Wc  have  no 
the  iolar  system  at  a  distance  of  tliirty-seven,  but  from  Ki 
tliird  law  it  is  very  easy  tu  calculate  that  if  there  were 
planet  its  periodic  time  must  be  about  285  years.  We  liave 
the  necessary  materials  for  making  the  comjmriBot)  betwi 
maits  of  Sinus  and  the  rnuui  of  the  sun.  A  body  rerol 
■r»und  Sirius  at  a  certain  distance  completes  i(«  joume' 
■lit  years.  A  body  revolving  around  the  sun  at  th« 
distance  completes  itti  junmey  tn  iib  yeure.  The  (|utck(-ri 
body  ia  moving  the  greater  must  bo  the  c«ntrifugul  (oRW, 
eoBBcqucntly   the  greater  must  be   the  attractive    power   ofl 
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fccDtrsl  body.  It  cad  bo  «wi1j  shown  from  th«  principlea 
of  dynamics  that  the  nttracUve  poner  varies  inversely  as  thi< 
iquare  of  tho  periodic  time,  flenoe,  then,  the  attractive  [lower 
of  Sirins  must  bear  in  th«  attmetive  power  of  the  sun,  the  pro- 
portion wliicli  the  iquare  of  H^  has  to  the  aquare  of  49.  As 
the  distances  are  in  each  case  supposed  to  be  equal,  the  attractive 
powers  will  be  iiroportional  to  the  massee,  and  hence  vre  conclude 
that  the  mass  of  Sirius,  to{pether  with  that  of  his  companion,  is  to 
the  mass  of  the  sun  in  the  ratio  of  iOto  1.  We  had  already 
learned  that  Siriue  was  much  brightwr  than  the  sim  ;  now  we  have 
learned  that  it  is  also  much  more  mossire. 

Before  wc  leave  the  considrmlion  of  Sinua,  there  is  one  addi- 
tional point  of  considerable  interest  which  it  is  necessary  to  con- 
sider. It  is  remarkable  to  obeerve  the  contrast  between  the  brilliancy 
of  Siriua  and  his  comjianton.  Sirins  is  a  star  far  transcend- 
infif  all  other  stars  of  the  first  ma^itude,  while  his  comjunion 
is  extremely  faint.  Even  if  it  were  completely  withdrawn  from 
the  da2zlinf>  proximity  of  Sinus,  the  comp*nion  would  be  only 
a  small  star  of  tlie  eij^hth  or  ninth  mafrnitude,  hr  below  the 
limits  of  visibility  of  the  unaided  eye.  To  put  the  matter  in 
numerical  language.  Siriua  is  S.OOU  times  as  bright  as  its  com- 
panion, hut  only  about  twice  as  heavy  I  Here  is  a  very  great 
contrast ;  and  this  point  will  ap]>ear  even  mora  forcible  if  we 
oontraat  the  companion  of  Sirius  with  our  sun.  The  companion 
is  Kefii  t'lHf*  a»  ieaty  at  our  tun;  seven  suns  equal  to  ours  in 
one  pan  of  the  scales,  wonld  only  just  turn  with  the  e(im|>ani»n 
in  the  other  pan  ;  but  in  spite  of  its  inferior  bulk,  our  sun  is  mncfa 
more  powerful  as  a  light-gtvcr.  One  hundred  of  the  companions 
to  SirttiB  would  not  fpve  as  much  li^ht  as  our  sun !  This  is  a 
result  of  very  considerable  signiltcanco.  It  teaches  us  that  beaidea 
the  threat  bodies  in  the  universe  whtch  attract  attention  by  their 
brilliancy,  there  arv  also  other  Iwdies  of  sttipemluus  mass  which 
have  but  little  brilliancy,  probably  somi-  of  them  noii«  at  all.  This 
ft  suggests  a  greatly  eoliancvd  conoe|>tion  of  the  maJMtic  scale  of 
tlie  universe.  It  almost  iuvitca  us  to  the  belit-f  tluit  tlu>  uuiverse 
which  we  behold,  boon  but  a  soiall  rattu  to  \he  far  Urgvr  {lari 


TBB  UTOnV  OF  THE  UEAVKSS. 

which   is  invisible   in  tin-  mtmbrf  sliadn  of  night.      In  th« 
extont  of  the  miiU-rinl  iiuivtTMc  we  h«To  here  or  there  »«tar 
mnct  nf  frascouit  mnthT  mifficivDtly  heated  to  become  luminotu,  i 
thiw  to  bucomc  visibk'  from  tlio  earth ;  but  oor  obaervation  of  tl 
luminuuM  points  can  11:^1  lis  little  of   thv  remaining  conlouta. 
the  iini verse. 

For  the  purpose  of  pnietical  astronomy  it  has  l>e«n  fouDi] 
vcnivnt  to  divide  the-  stiirs  iiit<>  groiifw,  nwonliujf  t<i  their  tvl 
degTceji  of  brighlDi'M.  In  thi»  way  we  denote  thu  Iirij>ht 
the  stAr  by  a  certain  number  which  i«  called  the  tnofpnitud 
the  slur,  iin<I  the  lower  the  number  whti-h  expreaM<«  the  mafd 
tudc,  the  bri^htvT  is  the  star.  Of  thi'  stars  of  the  first  maft^iitiMll 
whieh  inclu<l>c  nil  tho  brightest  stora  in  tlie  hmvenit,  ttiurv  arv  BbM 
twenty.  Among  this  number  Siritu  it  included,  though  tfB 
clnaiiliCAtion  wore  to  be  cftrried  out  with  logical  prectBion,  adSi 
tinct  diiKS  of  exceptional  brilhunoy  would  have  to  be  created  i 
the  reception  of  Sirius  aloue. 

The  star«  of  the  wcond  magnitude  are  those  in  which  tl 
one  distinct  st«p  downward*  from  the  brilliancy  of  the  firat 
tudc.     The  brighter  starv  in  the  constellation  of  the  Onjst 
may  1m>  taken  as  exain{ile«.     In  the  entire  heavens  we  KaTe 
65  stars  of  the  second  magnitude.     Immediately  below  the  i 
magnitude  wo  linvtt  the  stars  of  the  third  magnitude,  to  the  nut 
of  IflO.     Next  comcM  the  fourth,  Aih ;  the  fifth,  1,10U  ;  and 
down  to  the  sixth,  3,200,  which  completee  the  stara  visible  toj 
unaided  eye.    In  stars  of  telescopic  magnitude  we  have  the 
to  thu  number  of  about  13,000 ;  while  the  eighth  bAs  4n,000,j 
the  ninth  U2,U0O. 

It  will  thus  be  seen  that  the  number  of  stars  increases  whs 
uppronrh  tlic  lower  magnitudes,  and  when  weeoioe  to  the 
tudcs  still  lower  than  the  ninth  the  niunbers  speedily  kwvU 
thousands  to   millions.     Tlie   minutest   stare  visible    in 
teliwcopes  are  utimlly  stated  to  be  of  the  fourteenth   or  fift 
magnitude,  while  in  the  very  greatest  instnimeuts  majL-nitudeel 
or  thive  steps  lower  can  be  observed. 

The  number  of  stars  vlnble  without  a  telrscoii*   in 
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mny  be  estimated  at  a1>out  3,000.  Argelaiider  has  givon  to  the 
w<irlJ  u  vrell-Wiiown  cstalo>riie  of  the  stare  id  th«  northern  heini- 
iipliere,  accompanied  by  a  ecriee  of  charts  od  wlu<;h  these  etare  are 
depicted.  All  the  stars  of  the  firet  nine  nuif^nituilcs  are  included, 
M  well  as  a  very  lar^  number  of  stun  lying  between  the  ninth 
and  the  tenth  maf^nitiiilcs.  Tiw  total  number  of  these  stars  is 
S24>,188,  and  yet  they  are  nil  within  reach  of  a  telescope  of  three 
inches  in  aperturt' ! 

Amid  the  htutt*  of  stam,  a  connidenible  number  specially 
attract  our  attention  by  th«  ])cculii>r  chan|ros  they  nnder^  in 
brilliancy.  They  are  known  ati  riiriabl«  itara;  som*  of  them 
run  throufrh  a  cycle  of  chati»i'M  in  it  duy  or  tn-o,  some  take  many 
monthii.  Siirae  api>oaT  onn;  and  never  appear  agtun.  Some  are 
conspicuoiu  to  tii«  unaided  eye,  »omv  are  faint  ttlewopic  objects. 
Though  the  number  of  \'arialilc  »tan(  is  very  large,  yet,  com* 
pared  with  the  ordinary  fixed  stars,  they  muNt  be  rejjarded  as 
vcrj-  infre«iuent. 

The  moat  e«lebrAt^  of  all  the  Tariabic  star*  is  that  known  a* 
Al|>ol.  whoso  position  in  the  i-'mst^-llatioD  of  Poreeus  is  shown  in 
Fig.  70.  Tliis  star  \i^  very  conveniently  phiced  for  obserration, 
boin^f  vinble  every  night  in  the  northern  hemisphere,  and  its 
wondrous  and  repihkr  changes  can  be  observed  without  any  tele- 
scopic aid.  Ever}-  one  who  desire!*  to  become  aci|uaint«d  with  the 
great  triitliK  of  uKtronumy  thould  be  able  to  recognise  this  star, 
and  should  luive  nlito  followed  it  during  oue  o(  its  periods  of 
change.  Algol  is  usually  a  star  uf  the  second  tnagoitude,  but 
in  a  |)eri<>d  between  t^vo  or  three  days,  or,  more  accurately,  in  an 
interval  of  t  days  2lJ  hours  4S  minutes  and  65  aecoods,  its 
brilliancy  goes  through  a  most  remarkable  cycle  of  nuiationt. 
The  scrie«  commences  with  a  gndual  decline  of  the  star's  bright- 
ness, wh!i.-h  in  the  course  of  three  or  four  hoiint  falls  from  the 
second  magnitude  down  to  the  fourth.  At  this  lowest  stage  of 
brightness  Algol  remains  for  about  twenty  minutes,  and  then 
bt^ins  to  increase,  until  in  three  or  four  hours  it  regains  the 
second  magnitude,  at  which  it  continues  for  about  2  days  13  hours, 
when  the  same  series  commences  anew.     It  sesms  that  the  period 
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re(]uintl  liy  Algol  to  f^  titrough  its  olianges  is  itself  aubJMt 
glow  but  ccrUiiii  vuriatiou. 

The  oluim  of  our  sun  to  be  lulniitle^I  as  a  star  havitif; 
coocedcicl,   Uie   question    iiri«cs  u    to   whether    lie    shall    be 
titled  to  the  distinctjoii  of  bping  Mlinitt<.-d  to  the  select  cli 
varinble  stars,  or  whether  he  itliall  not  take  nnic   omone  the 
mon.'  niinieroiis  class  which  dispeiiiic  their  beamti  vrith  uniformity. 
I  <Io  not  think  we  i^hii  ha.v<:   nuicli  hesitation  in    nnswerinj; 
<lui-«tion.     It  is  obrioui  that  thu   light  from  our    i«tin    is  for 
pruotiunl  puqmgcs  abeolutfily   cuiiKtant.      No  doubt    the   epot« 
the  other  objects  on  the  sun  ure  variable,  but  it  would  be 
funtnsitic  to  speak  of  tlie  sun  as  a  variable  star.      It   is  no 
vurinblr  to  the   close   observation   of   terrestrial    Iwin^    who 
[ilaoed  in  its  immediate  vicinity ;  it  is  not  variable  in  tbe  aenaej 
wliicli  we  sj)eak  of  Algol,  or  any  of  the  other  variable  atatv  wla| 
diversify  ttie  brilliancy  of  the  sky. 

That  the  tiun  iit  no  more  than  a  star,  and  the  stars  ure  tto 

tban  Hiins,  it  the  cardinal  doctrine  of  awtronomy.     The  imi 

mii(;niticcncc  of  thix  tnith  is  only  nnlised   when    we   attempt 

estimate   the   countless  myriads   of   «tan.     This  is  a  prnbloot 

which   our  calculations   are   n«*cc«Hirily  vain.     Let   us,    tlier 

invoke  the  aid  of  the  poet  to  attempt  to  express  the  innat 

and  conclude  this  cliapter  with  the  following  line*  of  Mr.  Allii 

bam: — 

"  Bui  niimW  oTcry  gnm  <■[  Mad, 
WbL-ti-ircr  mil  vnTn  ImicIim  knd : 
Numbnr  In  dagln  drap*  th«  Hk ; 
Kumber  the  linvm  on  emy  tn#| 
Number  (orth'a  living  crntara*.  all 
Thut  run,  lltat  fly.  that  >wtni.  Ui>t  oawl. 
01  undt.  <lfop«,  Lmtm,  and  livn,  tli«  coont    ' 
Add  iili  iiltii  ono  vut  unount, 
And  thm  (rir  trtry  Mfonle  ana 
(If  al)  ItioH.  let  a  flnmin);  ■(>(■ 
^\1iirl  in  th<i  bonndlow  ikiM^  inOt  «acb 
Il«  nwMty  pUnrta,  to  ouliMch 
All  mglit,  all  tbu'iiht :  for  nil  ««  ten, 
Eocinlcd  with  intlnil)', 
I*  but  »a  iilnnd." 
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IntawrtJBg  BtaBn  Olfnb—WhM  it «  Doablo  SUt  f~Rlni«  OptiuUj'  Dnublo—Tba 
gnal  tXttamry  61  tba  Bturr  ^tw«  naie  by  lltrftMil— The  tUnsfy  StHt* 
dawrltw  EUij'lic  Putlu— Whjr  i*  lU*  •»  importanl  f—Tlio  Iaw  at  fIniTltetifln 
— 8pem1  Double  KUn— (luUn— Mim^Tho  faUMu— Tlw  CoWiind  Dmibte 
SUn— fl  C'^ptf,  V  AnilTcmodiP, 

Trb  sulercal  heavens  contain  few  more  mteresling  objects  for  the 
t«lewope  tlian  oan  be  found  in  the  numerous  class  of  double  tt»n. 
Thoy  are  to  l>e  counted  now  in  thotisando ;  indeed,  many  thoumnds 
can  be  found  in  the  catalogues  devotinl  to  this  special  branch  of  a»t4vu 
nomy.  Many  of  these  objects  nr«,  no  doubt,  small  nnd  comparatively 
(la interesting,  but  some  of  them  Kre  among  the  most  omipicuous 
stars  In  tlie  ht-avois.  ^V«  shall  in  this  brief  account  Mlevt  for 
•peciftl  dixcussioD  and  illustration  a  few  of  the  more  remarkable 
double  stars.  We  shall  jnrticularly  notice  some  of  those  that  cnn 
be  readily  observed  with  a  small  telescope,  and  we  have  indicated 
on  the  sketches  of  the  constellations  in  a  previous  chapter  how  tbo 
positions  of  these  objects  in  the  heavens  can  be  asoertained. 

Id  107tt,  about  100  years  before  Hersobet's  observatiuD*  con- 
mcncfld,  it  had  been  shown  by  Cassini  that  certain  stars,  which  to 
the  anai<led  eye  appeared  sinfjle  point*  of  tight,  really  consisted  of 
two  or  more  stars,  so  close  together  that  U>o  telescope  was  requirtd 
for  tlieir  separation.  The  number  of  these  objects  was  i^mdually 
increased  by  frwh  discoveries,  until  in  1781  (the  same  year  in 
which  llerschel  discovered  UrsnuM)  a  list,  containing  eighty  douiile 
stars,  was  publishM  by  the  astronomer  Hode.  These  intentling 
object*  claimed  tlie  attention  of  Henwhel  during  his  memorable 
researches.  The  list  of  known  doubles  rapidly  swelled,  llerschel's 
discoveries  are  to  be  ennmerated  by  hundreds,  wbilo  he  also  roin- 
roenced  systematic  mnsuromenta  of  tlie  distance  by  which  the  stan 
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were  eeparat««],  and  the  direction  in  which  the  line  juiniit);  thro 
pointvd.  It  noM  the«f  niesuturvroeots  which  ultimatety  led  toi 
of  the  most  imixirtant  and  iustruotiwof  all  Ileracbel's  diaoore 
When,  in  the  counie  of  yoars,  his  obsen'atioiw  were  repeal 
Herscliol  fgiiml  ihat  in  some  ouscs  the  relative  position  of  the  sUn^ 
had  ohnnj^'d.  He  was  thus  led  to  the  discovery  that  in  many ' 
thi-  d'ltilil.'  staw  the  component*  are  so  related  that  they  revoh 
urouiid  I'iich  iitlier.  Mark  the  importance  of  this  result.  We  mu 
rcEDvnilwr  that  the  etam  are  suns,  comparable,  it  may  be,  with  ow 
Giiu  in  magnitude;  so  that  here  we  have  the  plt-nsiD^  Bpeetncle  i 
a,  pair  of  twin  suns  in  re^ohition,  But  thia  is  not  the  chief  poii 
of  interest  in  Ibis  great  discovery.  There  is  nothing  very  aurpr 
in  thtt  fact  that  movements  should  be  observed,  for  in  nil  jw* 
liitliility  every  body  in  the  univene  is  id  motion.  It  ia  the 
tieuht-  character  of  tlie  movement  which  is  epi-cially  intemtn 
and  instructive. 

It  had  been  in  the  first  instance  supposed  that  the  jtroximity 
the  two  stars  formin;;  A  double  was  really  on]y  uccidental.  It 
thought  that  amid  the  rast  host  of  stare  in  the  bcavcDn,  it  n.14 
u«freciu(-ntly  hapjiened  that  one  star  was  so  nearly  bebiml  anut 
that  when  the  two  were  viewed  in  a  teteeoope  they  prodacwl 
effect  of  a  double  star.  No  doubt  many  of  the  i^o<calIed  doubtr 
Stan  nrv  produced  in  this  way.  Her»'bet's  discovery  show*  llul 
this  explanation  nill  not  always  answer,  but  that  in  many 
we  n-ally  have  two  stars  close  to^ether,  and  physically  coDno<-ted. 

\Vben   tlie   measurements  of  the  distances  and    the  poeitioc 
of  double   stars   made  during  many   yean^  by  many  ustronon 
hiul  been  accumulated,  they  were  handed  over  to  the   mathec 
tician.      There  is  one  peculiarity  abont  thew  wbeervatiotks :  ther 
have  not — they  cannot  have — the  accuracy  which  can  be  -^-lainriM 
in  the  detormioalion  of  the  places  of  the  pUnets,  or  in  n>endBl^' 
work  generally.     This  latter  work  is  so  acounte  that  alniont  an* 
ffupcretructure  of  mathematical  reasouinp:  can  be  reared    iin 
foundation.     But  the  case  is  very  diCfeient  when  wc  eomo  to  iIm 
binary  stars.      If  the  distance  between  the  pair  of  stars  (umiini;  *\ 
binary  be  four  seconds,  the  orbit  we  have  to  scrutinize  is  only 
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hofge  aa  tiie  apparent  aize  of  a  penny-pivoe  at  the  distaDce  ol  one 
mile.  It  would  require  very  careful  moaenremeDt  to  make  out  the 
form  of  a  penny  »  mile  off,  wen  with  f;ood  telescopos.  If  the 
{icDiiy  weri.-  tilt«d  a  little,  it  wuuM  appear,  not  circular,  but  oval ; 
aud  it  would  be  possible,  by  measuring  this  oval,  to  determine  how 
much  tho  penny  was  tilt«>d.  All  thia  rcquiree  ekilful  work  ;  the 
errora,  viewed  intrinsically,  may  not  be  grttit,  but  viuwod  with 
nfetvnoc  to  the  whole  six«  of  the  quunLitio>  under  consideration, 
they  are  very  appreeinblc.  W'v  Uiercforv  fiwd  the  vrron  of  obser- 
vulion  far  more  prominent  iu  obtwrvntions  ot  tliis  claKx,  than  is 
friendly  the  ease  when  the  ninth ematieiun  aiuunic*  ttie  task  of 
diKCiiMring  the  labours  of  the  oWrver. 

The  interpretation  of  Uerschel's  diseovety  wna  not  accom- 
pli«h«d  by  hiniKelf ;  tho  light  of  mathematin  was  turned  on  his 
oluwrvatiims  of  Uie  binurv  utara  by  Savaiy,  and  afterwards  by 
other  malheinaticiuns.  Under  their  searching  inquiry  the  errors 
of  the  observations  were  diK^hned,  and  they  were  purilied  from 
the  frrosser  part  of  their  inwicura^ry.  Mathematicians  could  then 
apply  to  their  corrected  materiuls  the  melhodn  of  inquiry  with 
which  they  were  familiar;  tliey  oould  dtduee  with  fair  prvcinion  the 
a<-tua]  shape  of  tho  orbit  of  the  liiuury  »tar«,  and  the  portion  of 
the  pinno  in  which  that  orbit  is  contained.  The  result  is  not  a 
little  remiirkablc.  It  hiis  been  pmved  that  the  motion  of  each  of 
the  stars  is  [<erform<^d  in  an  elliiwe  which  contains  the  centre  of 
i;mvity  of  the  two  stars  in  tta  focua.  This  lias  been  actually  shown 
to  be  true  in  many  binary  stars ;  it  is  btfliev(<d  to  he  true  in  all. 
Jlut  why  is  this  so  im|Kir1aut ''  la  not  motion  in  an  ellipse  common 
enough  ?  does  not  the  earth  revolve  in  an  ellipse  around  tJie  sun  ? 
[and  do  not  the  planets  also  revolve  in  ellipses? 

It  ia  this  very  fact  that  elliptic  motion  is  so  common  in  tho 

Bta  of   the  Molnr  systvm   whteb  renders  ita  discovery  in  binary 
of  aoch   im]K>rtan<w.     Prom  wltat  doe*  the  dliptic   motioD 

tlio  aolar  system   ariae  ?     Ia   it   not  duo   to   tJw  law  nf  at- 

•eovered    by    Newton,    which    xtales    that   every   man 

ther  mass  with  a  force  which  varies  inversely  a» 

ttanov?      'riiat    hiw  of  attraction   had   Iwvn 


*M 


THE  STOUT  OF  TBE  HEAVENS. 


f 


f'nind  tu  pt'rvniU'  the  whole  itoUr  Rimteni,  and  it  explutnni 
mpvcnicnt«  of  the  bcMlu-N  of  our  ttyittein  with  marvDllnu.t  tiildit;. 
But  the  solar  KYfitein,  connintin^  of  the  sun,  and  the  planrts,  wit 
thi_-ir  it»Mltt4.-ic,  tho  comets,  nnd  n  hoflt  of  smaller  bodies,  formt 
merely  a  litth'  ikIuiuI  ^roiip  in  the  universe.  In  t)ie  ecoiiomr  < 
thin  tin^  eriKiiiioiil  ifduiiii  the  law  of  gravitation  reikis  mt[>reinel 
lieforit  H^^n•chol'»  diitcoverj"  we  never  eoutd  have  kDown  whetl 
that  law  wan  nut  nienOy  a  ])iet'«  of  local  legislation,  speHai^ 
contrived  for  the  exigencies  of  our  jiarlieular  system.  This  dil 
covery  gave  us  the  knowledf^  which  we  could  have  giainc-d  fr*M 
no  other  souree.  Krom  the  binary  stars  came  a  wbispor  wi 
the  vaiit  ahyss  of  epiuie.  That  whis])er  told  us  that  thp  Wt 
of  gravitation  was  not  peculiar  to  the  solar  Byst^m.  It  told  ut_ 
the  law  extended  to  the  distant  ehoreB  of  the  abysa  in  wbich 
island  is  situated.  It  i^vee  us  grounds  for  believinif  that  the  lai 
of  ffravitation  is  obeyed  throughout  the  length,  the  bn>B<lth,  tb 
depth,  and  the  height  of  the  entire  ^-isible  universe. 

One  of  the  finest  binary  stani  is  that  known  ns  Castor,  tl 
brighter  of  the  two  pnnei{)al  stars  in  the  eonstellution  of  Geiniii 
The  position  of  Castor  on  the  heavens  is  indicated  in  Kifr.  73, 
am.    Viewed  by  the  unaided  eye.  Castor  re»emble:<  a  Kingle 
but  with  a  mtKlemtcly  pood  telescope  it  is  found  that  what 
to  be  one  st.ir  is  really  two  separate  stars,  one  of  which  is  of  th^ 
third  magnitude,  while  the  other  is  somewhat  lees.     The 
distance   of  these  two  stars  in  the  heavena  is  not    to    gnat 
the  angle  subt<;nded  by  a  line  an  inch  long  viewed  at   a  tltstani 
of  half-a-mile.     ('aittor  it  one  of  the  double  stars   in   wliich 
components  have  been  nhKervcd  to  possess  a  motion  of  rvvolntin 
The  movement  in,  howovrr,  extremely  slow,  and  the  lapse  of 
turicB  will  i>c  rc'piircd  before  a  revolution  is  eomtiletely  effeoied. 

A  very  besutifut  double  star  can  be  readily  identified   in 
conslcUation  of  Ursa  Major  (see  Fig.  75,  paflic  S84].     It  itt  kaci 
as  Mir.ar,  and  in  the  middle  star  (()  of  the  three  which  form  tbe  tail. 
In  the  vloa- neigh  brill  rhn  0(1  of  Mlzar  is  the  small  star  AI(*or,  whie 
can  be  rentlily  s^cn  with  the  unaided  eye ;  but  when   we  upwak 
Mitsar  as  a  double  star,  it  is  not  to  be  understood  that  AUsar  u 
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of  the  caapoBnit*  of  tlie  double.  In  Uio  ma^ifyin^  puvror  ot  thr 
t«l«wa)i(!  Alcor  is  aeen  to  ke  tmii»rcrri-cl  ■  lung  wav  (mm  Mizur. 
while  MijEur  iliwlf  '\*  Kplit  up  into  two  sun*  <-1om-  t'lf^tbrr.  ThMe 
uomponentaureoClIieK-condHiM]  tltufouri)imn^iituclMiv*pvv(iv«ly, 
■nd  a>  till!  upjuuxriit  (iMtHnra  io  nmrly  thivc  timcH  m  grvKt  im  in 
Castor,  they  nre  ol))>rrvi<U  with  tho  grrnt«iit  fiiHlity  tinn  in  n  itmall 
te]eBco|)e.  This  is,  iudvet),  the  lw»t  doubk'  itl»r  in  (he  hcavwiii  fur 
the  bi^iiiner  to  wmni^ncc  bin  obNcrvutioiM  upon.  We  cannot, 
however,  luutcrt  that  Miiuir  w  it  binary  «t«r,  inwunuch  m  obacrva- 
tiona  luiv«!  n<)t  yci  vatnbliiihod  the  vxivtcnce  of  *  motion  of  retrulu- 
tioD.  Still  kxK  are  wv  ublo  U>  my  wbcther  Alcor  \%  nUu  a,  member 
of  the  same  f!:roup,  or  whether  it  may  itot  mvrvly  be  a  atar  which 
happens  to  full  n<-4trly  in  the  line  uf  vinon. 

Anuther  objwt  of  ranudcrable  intcTVMt  id  the  remarkable  double- 
double  atar  found  in  tbi'  dtnHtfllntion  Lyni.  and  usually  known  as 
c  Lyrs  (see  V'xg.  77,  page  S^ti).  In  thin  rase  the  unaided  eye 
BulliceB  to  show  a  j>air  of  atars  so  cloac  that  they  can  only  just  be 
dietinpiiahed.  When  a  telescope  is  a]>plied  to  th«  object,  the  stars 
are,  of  couriN^,  al  once  widely  ojicncd,  and  tbon  the  interesting  ol»- 
aervation  is  made  tliat  esch  of  theac  Is  itself  compoacd  of  two  stara 
extremely  close  t<i|i^icr.  The  entire  object  thus  consists  of  four 
stars  in  two  fine  biiiar)'  pain,  and  in  <'ui-h  of  these  pcun  revolution 
ia  taking  plaoe.  It  ia  ditHmilt  !•■  must  the  conclusion  that  the 
two  pairs  are  connected  together,  and  each  revolving,'  in  some 
period  of  stupendous  duration,  around  the  cnmmon  centre  of  (p^vity 
of  the  two. 

The  Pole  Star  is  also  an  intereeting  double,  but  it  differs  widely 
from  the  objects  already  mentioned,  and  must  be  rrpinled  as  a 
rvprvscntalive  of  that  clum  of  doubles  in  which  the  two  c<omponi-nls 
art  of  very  unequal  brilliancy.  Tlic  Pole  .Star  itself  is  between  llii' 
Moood  and  third  muirnitiide ;  its  companion  is,  however,  only  of 
the  ninth  ma^iludc.  This  object  requires  a  better  teleaoope  than 
is  Biifficicnt  for  the  ntlu'ra  wc  liavc  mentioned ;  in  fact,  it  is  some- 
times rvfriirdctl  as  a  luilable  "  tent "  for  the  |rrfunnance  of  a  small 
instnmiciit  of  from  two  to  three  inches  in  diiimcUT. 

A  v«ry  |i]ca«i»g  class  of  double  stars  are  those  in  which  we 
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hsve  tbe  rpninrkiiblit  phenomena  of  colours,  differing  in  a  strtkit 
dc^r»o  from  the  culoiin  of  ordinary  stars.  Amonp^  the 
wc  find  in  tlie  i^reat  majority  of  casra,  no  very  cliarac-tenstie 
hue ;  some  nn',  however,  mure  or  less  tin^>d  with  red,  some  an 
decidedly  ruddy,  and  norne  are  intensely  rvd.  Stare  of  a  blatah  or 
grocnish  colour  are  much  more  rare,*,  and  when  a  star  of  this 
ehftracter  does  occur,  it  is  almost  invaii^ibly  as  one  of  a  piiir  whic 
form  a  double.  The  other  star  of  the  double  is  Mm^timea  of 
Hiine  hue,  but  more  usually  it  is  yellow  or  ruddy. 

One  of  the  loveliest  of  tlieso  obj«cts,  and  one  of  those  which 
are  fortunately  within  rca<:h  of  ttflcscogiot  of  wry  moderate  prctenj 
»iona,  is  that  foimd  in  the  coni'tcllation  of  the  Swan,  ntid  known  aJ^ 
0  Cygni  (Fig,  ?»>,  p.  3H7}.    Thi«  vxquiiule  obji-ct  is  compnmKl  of 
two  stars.     The  larger,  about  the  thin]  magoitu<le,  is  of  a  y^ulden^ 
yellow,  or  topaz,  cuhmr ;  the  mnuller,  of  the  fifth  mn^rnitude,  in  of  i 
lif^ht  blue.     ThcM  colourx  are  nexrly  complementary,  but  stilt  the 
can  be  no  doubt  that  the  effect  is  not  merely  one  of  contmet.     It  is 
indeed  the  fact  that  these  two  stars  are  both  tingix]  with  the  huw 
we  have  stated,  as  can  be  shown  by  hidin)*  each  in  Kiiocession  bohir 
a  bar  placed  in  the  field  of  view.     It  has  al^o  been  eonflnneO 
a  very  striking  manner  by  spectroscopic  investigation  ;    fur  Mi 
Hug);pns  ha^  shown  that  the  blue  star  has  cxp<-riencc<l  a  8|»c<nal 
absorption  of  the  red  rays,  while  the  more  rndily  light  of  the  other 
star  has  arisen  from  the  absorption  of  the  blue  rays.     1'he  conti»st^ 
of  the  colours  in  this  object  can  often  bo  very  effectively  seen  b^ 
putting  the  cyc-piece  out  of  focus.     The  discs  tbxw  pmdoced  show 
the  contrast  of  colours  better  than  when  the  object  cxhibtt«  merel) 
two  stellar  point>>. 

Another  rather  more  diflicult  coloured  double  star  is  y  Andr 
meiljc  (wc  Fig.  69,  piifrc  876).     The  larjjfcr  star  of  Ihe  third  maf^i 
tudc  is  B  deep  yellow  colour;  the  other,  of  the  fifth  imignitude, ' 
a  greenish  hue.     The  intert^st  of  this  object  ban  been  gr«atly  in- 

■  Pn-lmpn  if  WD  ooald  *ieir  th«  Man  withant  tha  InUairtBlka  ft(  tlM  iTtiin 
phnrD.  blua  Him  iroiild  b»  innro  Ci'ininon.  The  BbaaTption  o(  tks  atawsfhv 
apcciuUy  niTucti  Iha  grvcniBh  and  btuiih  coloiin.  Prattatar  L4flgl*)r  giroa  oa  goal 
nMMii  fur  belicTiaK  (lul  thu  aus  iUuU  would  In  blu*  U  It  ««n  sol  for  tha  cflMt  of 
tb*  dir. 
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orcftMcl  by  th«  (liseovory  that  the  Uu*  rtar,  th«  SRiBllcr  of  the 
two,  iM  itKcIC  compo«od  of  two  minutA  stora,  k>  olon  together  t)i«t 
their  Heparation  is  (|iiil«>  ))eyond  t]ic  mch  of  onlinary  t«l«-Mo»i)f a ; 
instrament*  of  considerable  mm  mni  Ti>quiiv(l  to  soiuuiilv  tbnm. 
7  AndroiDedsc  is,  therefore,  to  hv  diin-rilfi.'d  a^  m  triiili'  iilar  ratiivr 
than  as  a  dotihle.  There  are  neverat  in»lan««  of  imch  oumplex 
ayabema.  One  of  the  moat  inlercdting  triples  ia  found  in  the  constel- 
lation of  the  Crab,  where  it  is  known  a«  f  Cancri.  It  will  be  readily 
identilii-d  at  one-sixth  of  the  distance  from  I*nw<>[>e  to  Itetelfru^)^- 
The  britrhtest  sUr  is  of  the  fifth  nia>;nitfide,  while  the  star  near  it 
i»  between  the  fifth  and  the  sixth.  They  have  \>een  watched  through 
the  ootire«  of  one  romplvto  revolution  in  a  period  a  little  more  than 
sixty  ycnr".  Tht-ir  en mpamtively  distant  eompanion  of  intermediate 
briRhlnees  lias  only  accomplished  about  one-twelfth  uf  a  cireuit  in 
that  interval.  Tlie  recent  researches  of  M.  Seeli^r  have  aildeil 
to  the  complexity  of  this  syst*>m  by  demonsi rutinjf  with  a  high 
dc);re«  of  probability  the  exi«U'nc«  of  a  dark  allendanl  cin-ulatinf; 
uround  the  third  star  in  about  eighteen  years. 

Siieh  are  a  few  of  these  double  and  multiple  stars,  Their 
numbers  are  beinft  daily  au^mcnttnl ;  indi«d  our  <ibi>«rver — Mr. 
Burnlinm,  of  Chicafco — liaa  witliin  the  last  t*n  or  twelve  year* 
added  by  bis  own  researches  no  fewer  than  1,000  new  doublea  to 
the  list  of  those  previously  known. 

The  inli.*reBt  in  this  class  of  objects  must  necessanly  be  inomanl 
when  we  reHci-t  (bat,  small  as  these  stars  appear  to  be  in  our  tele- 
nopes,  they  are  in  reality  suns  of  great  size  and  splendour,  in  many 
riifw  rivalling  our  own  sun,  or,  perhaps,  even  mirpsssing  him. 
Whether  Uiesc  "iinii  liave  planets  utt^tding  upon  them  wo  cannot 
t«U ;  the  light  n-doct*-*)  from  tbe  planet  would  Iw  nttorly  inade- 
<|uate  to  tlu)  peiwtralion  of  Uh'  vast  exl«-Dt  of  spaoe  which  aeparat«w 
us  from  tV-  still-*,  [f  tliere  W  planrta  aurrounding  Ihcue  objonlH, 
then,  inxlead  of  a  linglvauu,  nucfa  planet*  will  be  illuniiimtod  by 
two,  or,  perhaps,  even  man  suns.  What  wowlrous  eHrclB  of  Hgiht 
and  sliade  must  lie  tlu-  result  1  SonH'times  both  xiinn  will  be  above 
tike  horixon  Ingetlier,  nometimeii  only  one  sun,  and  H>metjmn 
both  will  br  absent.     i>]xvinlly  rentikrkabh-  would  be  llie  <H>ndi- 
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tton  ot  ft  planet  whose  maa  were  of  the  oolonrad  type.  To-day 
we  have  a  red  enn  illaminatiiig  tiie  heareiiB,  to-morroir  it  would 
be  a  bhie  ean,  and,  perhaps,  the  day  after  both  tlie  red  Ban  aai  the 
bloe  Ban  will  be  in  the  firmament  together.  What  endless  T«riet>' 
of  acenery  such  a  thought  suggeets  1  There  are,  however,  gfs^-e 
dynamical  reasons  for  doabting  whether  the  conditions  under  whidi 
snch  ft  planet  wonld  exist  coald  be  made  compatible  with  liCe  in 
any  degree  resembling  the  life  with  which  we  are  £uniliar.  Vm 
problem  of  the  movement  of  a  planet  under  the  influence  of  two 
■ons  is  one  of  the  most  difficult  that  haa  ever  been  proposed  to 
mathematicians,  and  it  is,  indeed,  impossible  in  the  present  state 
of  analysis  to  solve  with  accuracy  all  the  qoeetionB  whidi  h 
implies.  It  seems  not  at  all  anlikely  that  the  disturbanoes  ol 
&B  planet's  orbit  would  be  so  great,  that  it  would  be  exposed 
to  vicissitudes  of  light  and  of  temperature  &i  transoendin^  thost 
experienced  by  a  planet  moving,  like  the  earth,  imder  the  MipreoM 
control  of  a  single  sun. 
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CHAPTER   XXI. 

TUB   DISTANCES   Ot   TUX   BTAH8. 

Soundbg-lioo  (or  Sp«M — Tbc  l«boun  ot  W.  Ilcnchal — RU  RaMonlnita  niiutntod 
by  Vnftm— 8iippoM  Ihla  SUr  to  ma^  10  llmtn,  ino  llnia^  oi  1,VOO  tiniM — 
Homo  Stan  1,1)0(1  time*  u  far  w  otiwn — Uonehel'a  Mothod  UKonpleU— Tht 
I^bounof  Iteiwl— UMminguf  Annwil  I'anlLu— MiautoDMBOf  thu  l^aralUcdf 
ElUpM  Illuitnlad  —  Tk^  nuw  ttt  dl  Cyipii  —  Dift*r«iit  Cmi^uiiiwii  Suus 
uHd—Difflrully  oiriaK  to  AotrectiaD— l]«w  to  be  aviMed'Thc  Piupcr  MatMn 
of  tliu  !^Ulr — llonul's  I*rrputltioiu — TIiq  UnXitBUitm — Strnvi-'i  limatigBlloiM 
— Uiti  llit'y  >Hi  Kuvoscalixl  f— (bMsnh.'H  •!  Iiunmak — Conelotloa  obtaiiMil — 
Aeeantc.y  wbioh  Buch  Ubwn«ti«nK  Milniit  —  Rxuiaitwi  —  How  111*  RwulU 
arc  DwcuMcil  —  Tho  Proper  H'>tioii  uf  61  Cygiii — The  I'ermitiunn  o( 
tho  BidtTOol  Heavras  —  Ctunp*  in  thv  C(4isl<-llBti"n  uf  Iha  Uroit  Boar 
daiM  Um  UnM  of  IH^Jnniy  —  lli"  SUr  (Irvunibi-iilipi  I.I130  —  large  I'npsi 
Hodoo— Ito  PawlUx— Vdodty  of  200  MiIm  a  Smx,iiJ-TIu:  NV-w  SUr  in 
Cfgnu*— 111  Hiit<>r}'~No  Ajipnoialilu  I'knUax—A  tligbty  OnlbuiM  a4  Light 
— Tho  Movnot'iit  <>(  tint  Solar  Syalfm  tlirom){h  t^purc—Uandlul'*  Diamvary — 
Jonrnujr  lowanla  lli-rciUu* — htilwblUlJe* — (^iicluwon. 

Wi  have  loiijf  known  tliv  dimmiiioits  of  the  lobr  tyirtcai  with 
more  or  Icin  atTtinicy.  Our  knnwMgv  itirliulvs  the  cliiisncn  of 
tlie  pUnctK  nii<l  the  euniebi  fnim  tlie  muii,  a»  well  an  tlu-ir  move- 
ments. Wv  haw  •l*o  oonsidvruble  IciiowImI^  of  the  diuuiot^n 
Mid  the  miwKOM  of  many  of  the  diCTercnt  bodies  whioh  twlong  to 
ths  soUr  sjtitem.  We  biiv«  lon^;  known,  in  fiH't,  many  delaila  of 
the  isolated  group  nestled  toother  under  the  protection  of  the 
sun.  The  proldem  tor  consideration  in  the  present  chapter  involves 
n  Ktill  quitter  survey  than  is  rv<|uirtd  for  meosun-s  of  our  tolar 
Kyiitein.  We  ptupoHe  to  carry  tlio  soundin^line  octom  tlw  vast  abyss 
whicli  se{>»nilfs  the  );mup  of  bodies  rloscly  asDoeiutvd  about  our  Httn, 
from  the  other  stars  which  are  scattered  ibrou^jh  the  realms  uf  space. 
For  oonturica  the  great  problem  of  star  di&taoce  has  engaged  the 
Jtttention  «f  those  who  have  Etndied  ihc  heavens.  It  would  be  iui> 
possible  to  attempt  here  even  un  outline  of  tlie  vanoiu  reseun^liev 
which  have  been  mudc  on  the  subject.     In  tlw  limited  survey  wfaivK 
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wp  can  make,  we  must  >flftncc  Tint  nt  the  rcmarkiiblc  opoculi 
ufforte  whifh  have  been  din-ctwl  lo  Uie  probltm,  and  iht-n  wi.«  afc 
reFcr  to  those  labours  which  hjtvc  iiitrotluocd  the  |iroblcm  into  i 
region  of  Accurate  sistninoniy. 

It  was   HerschH  whc>  (ir«t  attempt*!)],  in  a  acicntiSc  niann 
to  give  any  a  (Mill  rate  conoeption  of  the  extent  uiU   mn»iiitu(]«  j 
tlie  sidereal  nynk'in.     There  wim  in  particular  one  f<)nn  of  s| 
tion  which   Ht'reoliol  einplnyeO  with  great  aucvesa,  for   it 
v«ry  rtrong  claimtt  w\  our  imnginatinn.     It  would,  indvcd, 
bcou  idle,  or  worse  than  idle,  to  indulge  in  epeculution  wiiei: 
the  means  of  cortflinly  iwriMlaining  the  tnith  were  avuilable. 
Hi^ntchcl  never  (lid.      But  whrn  a  mnji.'stic  prohlem  whs  inc 
being  pri>poHi^l  wliirh  he  could  tiiid  no  means  of  <-i'.rt4iinly  soli 
what  coune  wok  he  to  adopt  ?    He  wiu  entitled  to  atti-mpt  its  i 
lion  by  analogy  and  by  probubility,  in  default  of  uioru  Iruetwiy 
gulden. 

We  now  know  the  diatiiuem  of  a  few  of  tlie  stars,  i)erha|«| 
twenty  or  thirty,  with  more  or  lea*  accumey;  but  of  the  djj 
joF  the  great   majority  wi-  an-  ntill  ignorant,  while    o£    the    tlm 
eamU  of    nehulii!  wc  hiivc  iii>t  yet  found   the  diatamie   of    evt*0| 
single  one.     Our  kiiowlcdgi*  of  the  dintanee*  of  iJie  sidereal  obj< 
ia  therefore  aeaiity  in  the  exlrcme,  but  the  little  that  we  du  kni 
ia  viuitly  more  tlinn  IIi'IkcIu'I  knew.     It  woa  not  until   itiany  yr 
after    Ilersehel'a  dt'ulh   that   thi'   great   problem   of    finding 
distance  of  a  star  was  first  solved  by  Hcaxel. 

During  IbTSc^hel'a  celebrated  awee]»  of  the  aiden-al    beavri 
hundrc-da  of  thoiiaands  of  olijrata — perhaps  we  might  say  millioT 
paased  hefore  hia  view.    We  do  not  now  refer  to  tho  tnenibcra 
the  eular  system,  the  comets,  or  the  planets  an<t  their  satetlitm  : 
are  spoalfing  solely  of   the   sidereal  heavens,  whose  dentzcna 
vastly  more  numerous,  including   the  stars,  the  eluetera,  Rnd 
nebulie.      All   this   countless   host   passed   before  the    review 
llerscbel,  yet  there  was  not  a  single  one  of  all  tbeee  objects  i 
which  he  knew  tho  distance. 

To   so   enthusiastic   an  astronomer  as  nersebel  the   questioi 
"  How   for  ?  "  and  "  How  big?  "  were  ever  suggested  during  hi 
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ni^^htly  wiitch<«.  He  iirMt  cxhauetrd  nil  Uie  mcnnit  lio  could  think 
of  to  obtnin  an  khswct  to  ihc«e  qiiiNttions,  and  having  fftilLH],  he 
then — hut  not  until  llien — fou^bt  to  lutcfrtiiin  hy  reaHoning,  nn 
auKWCT  to  tlif'Ke  prolilcmit  whivti  hi«  ohBervattoiic  hivi  fnileil  to 
deti-rmino.  Hcnwhcrf  nMuiuuiii)*  on  thiK  piiiiit  i*  iniial  jtlausiblc; 
nud  wi'  tinvr  malce  uite  of  it  to  Hupplrnitnt  niid  to  rxtoud  tho  |iocitire 
knowlnlgo  of  tlio  diiitanct«of  Uie  Htiira  which  haw  Wen  MKiuired  fntin 
ohKrvation.  It  i»  hy  thin  combiuation  thut  we  K^k  to  obtain  nn 
ndrqiuite  cotiov]>tion  uf  Uio  soulc  on  wliicli  1h«  vast  fahrio  of  the 
univcntc  ut  conRtniotcd.  It  would  be  uiwkMi  to  attempt  to  enter 
into  any  detail  on  this  point;  let  it  suffice  to  giv«  a  eiogle 
illustration  of  the  kind  of  reasoning  wliioli  Ileiwhel  employed  in 
hii  speculations. 

Take,  for  instaiioc,  tlic  Iteaulifiil  star  Vrga,  or  a  Ljrm,  the 
brightest  star  in  the  constellation  of  Lyiu,  and,  with  but  few 
exeeptione,  the  brij^hteat  star  in  Uii^  whole  sky.  To  this  xtiir  h't  us 
apply  the  argil menia  of  Ilernehcl.  Wt- khiill  proeced  to  M)utid  the 
depths  of  the  univercc  to  which  the  tctescopv  can  |)cn<-tnite,  and  we 
shall  U!<e  the  distance  of  V«ga  as  the  unit  of  our  iiK-niinn-tncnt. 
Ilersehel  hua  shown  how  wc  win  crtimiitfl  th«  diKtaiiccs  of  the 
faintMt  stars,  not  only  of  thoec  which  an.-  vinihlc  1«  thi>  unawlcd 
eye,  but  even  of  the  very  fninlrst  and  most  r^inote  slurs  whieh  can 
be  shown  in  the  nic«t  powerful  tirlescopir. 

Imagine  Vega  to  be  ni<iv<-(l  away  from  the  earth ;  then,  as  it 
Mceded  further  and  further  from  our  view  ita  brilliancy  woiih) 
(gradually  dec-line.  Sjieed  oti  tho  journey,  nor  let  a  halt  be  made 
until  Vega  hns  moved  1o  a  diKtan<W  vrhieh  i*  ten  times  its  pre*pnt 
distatiee.  The  brillian'-y  has  now  <ie<^r<wM'd  so  much  that  Ve^ 
is  DO  lon^r  one  of  the  brightest  stars  in  tW  heavens.  At  ten 
times  its  present  distnncv  from  the  earth  it  would  have  sunk  in 
brilliancy  to  »  star  of  the  sixth  magnitude,  and  would  only  be  jnst 
risible  to  tlio  unaided  eye. 

Let  Vc^  again  rc^sume  its  jounicy.  It  will  now  beoowe 
invisible  to  the  unaided  eye,  but  the  telescope  can  still  follow  the 
■tar  as  its  distance  rapidly  incregmes.  Let  us  not  make  another 
halt  until  the  distance  lias  m^Ma  ini-reasi-d  tenfold,  and  lias  become 
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lUU  unita    Vet  ov«n  at  this  vast  distance  Vcf^  can  atill  be  B«eQ 
u  t«1eBcope  of  moderate  ]>r«tonBionB.     Onoe  ugain  let  the  star 
oil  its  voyagv.     liet  it  travel  tviifold  the  distance   which  it 
hitlierlo  attaim-d ;  »nd  now,  for  the  Inst  titn^,  lot  thu  wanderer  Bi 
whtQ  it  has  plun-^itd  into  spiire  U>  a  dtstnncv  1,000  times 
HB  it  was  at  first     It  lias  lon^  passed  from  the  Icen  of  the  urdi 
telescope,  but  it  would  Htill  n-main  within  vi«w  of   the  rxi]> 
intttruiuents   of   which    thiTC  arr    sow  so  many    in    the 
Hersehcl  himsrif  suicl  tJint  hie  telcscopm  could  pursue    the 
nntil  it  hat]  rotn-utod  900  times  as  far  aa  it  was  at  Rrat.    Te 
have  Ik-cii   miic-li  improved  since  his  time,  k>  tltnt  we   sh&ll 
exajTlTPrate  if  wc  take  1,000  as  tlit'  present  limit  of  visibility, 
all  tliis  tliLTO  is  no  BMumption  whatever;  wo  sliall  have   ia 
an  as9um]>tiiiii  presently,  but  we  have  not  made  it  yot.     Tluw 
be  no  doubt  thttt  if  Vegii  werv  moved  (o  t«n  timn  its  d 
would  still  he  faintly  visible  to  llie  un»ide<l  ere.     There  vntt  be 
doubt  tliut  if  Ve^i  were  moved  100  lime*  as  far,  it  would  xtill 
visible  in  small  tclescopei^ ;  while  if  it  were  1,000  tiniM  as 
would  even  then  not  have  passed  beyond  the  scrutioy  of  th« 
instrumeuts  now  in  use. 

]»  cominsr  to  the  ap(>lication  of  these  principles,  we  hero  for 
ftrst  time  make  an  assumption.     Hersehcl  nt  this  point  ado; 
sort  of   statistical  reasoniiif;,  in  which   he  deals  with    tho 
not  in  units,  or  oven  tens,  but  in  thousands  and  millious.      No 
will  suppose  for  a  moment  that  tho  stars  are  all  the  s^Die  xixe : 
fact,  we  know  perfectly  well  that  there  is  a  vast  diffureiico  in 
actual  sizes  of  some  of  the  slars  ;  but  when  we  dral  with   the  ai 
in  their  thoiiEsud^,  wc  niiiy  axsunie  some  prineipleit  whieh  an, 
all  fivents,  intelligible.     We  must,  however,  apprise  th«  n^adwr 
these  results  are  to  be  reeeivcd  with  ouution.     They  hnve   not  I 
demonstrated  by  observation,  they  cannot  Iw  demonstrated  hy 
oulation.     They  are  pliiuxible,  hut  nothing  more. 

In  the  alMence  of  all  information  to  the  ooulniry,  H 
thou(;ht  it  would  be  TvaMHiablc  to  aiMunie  that  the  average  aiua 
tlie  Ktjirs  distribute*!  far  and  wide  through  apace  were  tlie  aanta 
the  averujj^-  sizes  of  tlio   start  wilJi  which  we  are   familiar. 
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raw  elenrly  that  tliose  Htani  whi<-b  are  brigl)te«t  would  seem  th« 
faintvst  of  all  stsra  if  th«}-  wurv  movtfd  I  ,OI>U  tiines  m  Tar,  bat 
there  i§  no  reason  to  ■D)>poKe  tliitt  the  fniut  iduni  which  we  do  see 
urv  intrinMcally  sinallur  thitn  th«  bright  anvf  nruiitiil  us.  All  would 
he  fxplained  pt-rfcetl}'  if  we  su|i])«>«n!  that  the  avero^  sine  of  the 
atnra  in  iliffeieot  re^ons  of  sfioee  is  the  saiue,  and  if  we  made  the 
fiirthiT  Btipposition  that  the  faintest  stars  are,  at  a  general  rule, 
about  1  ,(Hli>  times  um  far  off  as  the  brightest. 

Such  wjiB  the  principle  of  Herwhcl's  method  of  probinj^  the 
heavens ;  bat  it  was  incomplete.  He  saw  that  the  relative  dietaticvD 
of  the  faint  sfare  and  the  bright  aian  rauirt  be  as  we  have  deH-Tibed, 
but  wtint  wiu>  the  absolute  value  of  thdse  distantvs  ?  Tl)is  was  tlw 
probUiu  whi«h  baffled  Herscbel  all  hia  life.  He  never  raccei'ded  in 
findinff  thv  actual  distance  of  one  uf  the  stars  from  the  earth.  He 
tried  it  in  the  early  part  cf  his  carei^r;  it  wa»,  in  fad,  while  bv 
was  so  tofraffed  that  he  discmered  Vranus.  He  tried  it  sub- 
BeqneDtljr  in  a  different  muntier,  and  s^in  he  was  unsucce»Fiil  in 
hJM  iinnuxliate  object,  though  the  obser^-ntions  led  to  the  splendid 
discorery  of  the  binary  stars.  The  problem  has  been  solved  since 
Horschel's  time,  and  we  have  been  able  t«  understand  why  he  wa» 
fruiitmted.  The  distances  are  so  f^reat  that  the  observations  required 
are  of  the  utmost  delicacy.  Uerachel's  great  inetruDients,  thouj^h  of 
vast  s [nice- penet rat  ing  power,  were  wanting  in  the  nice  rcfinementit 
of  mtweurirmcnt  necessary  for  this  purpose.  But  now  that  the  dt»- 
tanoee  of  some  of  the  staiv  have  been  ascertained,  we  can  nuike  use 
oE  HerscLcl's  reasoning  to  determine  tlic  distances  ut  (lie  othero 
with  some  degree  of  plausibility. 

No  attempt  to  solve  the  problem  of  the  absolute  dialunec*  uf 
the  stiiK  wii»  sueeetvful  until  many  years  after  Heraohvl's  Uboura 
were  I'luved.  Fivib  generations  of  nstroDomers,  armed  with  fresh 
H]>plianceN,  hove  for  uiaiiy  ywint  pursued  the  objert  with  un- 
r<-mittiiig  dili^-nce,  but  for  a  lottg  tiroo  the  effort  Mwmed  hope- 
tew.  The  diitttinom  of  the  stars  were  »o  gnat  tiiut  they 
could  not  bo  »svertaiiH>d  until  thu  utmuat  r«-finomcuU  of  meclia- 
nioal  skill  and  the  most  elalxtiate  method*  of  mathematical 
oftleulatiou  wens  brought  to  vonvui^  on  tlui  dilHculty.     At   ta^l 


it  war  found  that  tbi 

iMBrn  have  l)Cen  indiicud  to  diixrloftc  the  (trcret  of  their  it 
W«  arc  able  t"  give  mtat  unswcr  U>  tho  quratinn — How  £wl 
the  stars?  tlioufrli  it  mitft  Ixi  ponfi-ssed  that  our  ivply  up  tu, 
prcrant  mommt  is  both  hcMtiitin^  iu»d  imjicrfcct.  Even  th«  ! 
kiiowlrdgc  which  has  bom  gatitcd,  p<«aes9e«  int«n<«t  and 
jiortanou.  Ak  oftvn  bappcnc  in  »imiW  c&m-»,  tlit<  <lisccn-er 
the  distaiico  of  n  ittar-waM  made  iii(li'|M'ndniilJy  ril>out  the 
timo  bj  two  or  three  aMtronomcm.  The  nami>  of  Beasel 
out  poiiH]>ici]oi»dy  in  thiM  memorable  chapter  of  aatronomr. 
prnvnd  (1840)  that  th<*  diHtAnce  of  the  star  known  as  61 
WOK  a  niiMUiunible  quantity.  His  demouatraliou  |)o«eeeaed 
imanttwonibtc  lof^io  that  universal  assent  cotild  not  be  wit 
Alinnxt  dimultaneoualy  with  the  classical  labourx  of  Bosm)I,  «-e  I 
Struv(!'«  measurement  of  the  distance  of  Vi-^^,  and  Ilcnder 
determination  i>f  the  distance  of  the  BoutLcru  slsr  a  CVntnuri.  Gf 
interest  wna  excittd  in  the  aetwnoniieal  worW  by  tltose  dia 
and  the  Royal  Astronomical  Society  awardwl  its  jjold  me 
lluiw'I.  It  iippropriatcly  devolved  on  Sir  John  Hcrecliul  to  del 
the  aildrt-^K  on  the  <ic»uti(in  of  the  presentation  of  the  romlal :  tli 
addrew  is  a  most  eloquent  tribute  to  llie  labours  of  tb«* 
utroooment.  We  cannot  reaist  quoting  the  few  lines  in  wbid 
John  said : — 

"Qetitli'inen    of    the    Royal    Astronomical    S^ictety.-^I 
gntulate  you  and  inyHiOf  that  we  have  lived  to  act;  the  f^-«t  I 
hitherto   im]<u!>9iable    harrier   t*)   our  exeumton    into    tliv    fie 
univcrHe,  that  liarrier  ag^ainut  whieh  we  have  chafed  so  \oog  . 
vainly — attnanU*   anginto   limile   mHni/i — almost    simiiltaDe 
overleajied  at  three  differeDt  points.     It  is  tlie  (greatest  and 
({lorioua  triumph   which  pnictit-al  astronomy  hiut  ever  witai 
Perhaps  I  ought  not  to  speak  si>  stron^y ;  perhaps  1   should 
some  reserve  in  favour  of  tlic  hare  [lowibilily  thai  it  may 
an   illusion,  and   that  future  researches,  us  they   have   ntt 
before,  so  may  now  fail  to  subMautiate  this  noble  result. 
eonfess  myself  unt'qnal  to  such  prudence  under  such   rxoiti 
Let  us  rather  accept  tJie  joyful  omens  of  the  time,  and  tmat ' 
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hK  tlio  barrier  haa  b«^D  to  yxAA,  it  will  Bpeediljr  be  efEectually 
prodt.rated," 

Before  prttoei><]in^  further,  it  will  be  uonrenieitt  to  explain 
brieRy  Iiow  it  in  powible  for  the  diatauira  of  a  lUr  tu  be  measured, 
l^ie  prnblem  has  to  be  app^)a^hed  in  a  very  dtfTereDt  tnauner  to 
that  of  the  tun's  diotance,  whieli  we  have  already  dist-u^eed  in 
these  pages.  The  observations  for.  the  determination  of  stellar 
pamllas  art.-  founded  i>n  tlie  familiar  truth  that  the  earth  revolves 
ai-ound  the  sun.      Wi*  may  for  our  present  purpose  assume  tlial 
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Pig.  79.— Thv  l>>n>lla«ll<  KtUpm. 


llie  tiarth  revolves  in  a  circular  i»th.  TTie  centre  of  that  path  is 
at  the  centre  of  the  sim,  and  the  raJioa  of  the  path  is  I>:i,7l)()>0i)0 
mileN.  OwinfT  to  our  position  on  tbe  earth,  we  observe  the  attirs 
fr'im  a  )>oint  of  view  which  is  constantly  ehanf^'nif.  In  summer 
the  e*rth  is  lti9,40U,U()U  miles  distant  from  the  position  which 
it  had  in  winter.  It  follows  that  IImi  appAront  poeitiona  of 
the  stars,  as  projected  on  the  bavkf^nxind  of  the  sky,  must  present 
coTre«poudiiii;  changes.  Wo  do  not  now  mean  that  the  actual 
positions  of  the  stars  are  really  <li>iplaciKl.  1'he  changi-s  are  only 
appuent,  and  while  oblivious  of  our  own  motion,  which  produces 
the  displacemonta,  we  attiibuto  the  cluuigen  to  the  Ntiira. 

On  the  diagram  in  Y\^.  19  w  an  elli|)«e  with  certain  months 
— viz.,  January,  April,  July,   October — piark«d  ujwu  ita  eircoDi- 
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ference.     Tliis  elttpn  may  be  regarded  «s  a  niinittturv  pict 
ihe  eartli'it  orb!t  around  the  buu.     In  Jsiiuitrjr  the  t^u-th  is 
apot  so  marked ;  in  April  it  has  moved  a  quarter  of  tltc 
journey ;  and  so  on  round  the  whole  circle,  returoin^  to  it« 
(Ntsition  in  the  i-ourse  of  one  year,     Whtn  we  lojk  Erritn  ll» 
<>r  the  earth  in  January,  w«  see  the  star  h.  prajecl«d  againa 
point   of  the  eky  marked   1.    Three  months  later,    tlie  ok 
with  his  lelespope  is  carried  round  to  April ;  but  he  nourj 
star  projected  to  the  position  marked  i.    Thus,   as   Uio ' 
mnree  around  the  whole   orbit   in    the  annual  revolution 
earth,  so  the  star  appeare  to  move  round  in   an    ellipse  oB 
background  of  the  sky.     In  the  tochnical  lan{ru&K«  "f  n«troooB 
we  speak  of  this  ne  the  ])anilla,ctic  ellipse,  and   it  is  by  me 
the  major  axis  of  this  ellipse  that  wo  determine  the  diBtance 
star  from  the  sun. 

The  fi^re  sbon's  another  star.  B,  more  distant  from  tlie 
and  the  solar  system  ^-nerally  than  thv  star  pr«vioiiiilv  conaid 
This  star  also  describes  an  elliptic  path.  We  cannot,  ho 
fail  to  notice  that  the  parallactic  ellipse  helon^ii^  to  B  is 
smaller  tlinn  that  of  k.  The  difference  in  the  sizea  uF  the  cl( 
arises  from  the  different  diataooos  of  the  stars  from  the  earl 
The  nearer  the  star  is  to  the  earth  the  gTeater  la  the  elliplfl 
that  the  nearest  star  in  the  heavens  will  descritiv  tho  larp 
ellipse,  while  the  mnst  distant  star  will  describe  the  sniaU 
ellipse.  We  thus  sec  that  the  distaneo  of  the  star  ia  invetsclrfl 
[wrtional  to  the  size  of  the  ellipse,  and  if  we  measure  the  aninti 
value  of  the  major  axix  of  llic  cllijivc,  then,  by  a  manipulation  wlw 
every  matlicTnaticiun  uii(Ii.Tf!tanils,  th«  distance  of  the  star 
expressed  as  a  multiple  of  n  radius  of  the  mrtb's  orbit, 
that  radius  to  W  ail,700,IH)0  milr*.  tin-  distanou  of  the  %x 
obtained  by  Muiple  nrithmetic.  The  dillk-ulty  in  tlie  nr 
arises  From  tht^  fact,  tluit  thoix^  clIiiMv*  are  so  small  that  uiir  ml 
meters  often  fail  to  detect  them.  Take,  for  example,  the 
Bear,  >4urh  of  th«  utar*  in  thp  <irw>t  Boar  descrihw  au  dlit 
the  course  of  a  year.  Il  would,  however,  he  quit*  an  exni>)^>i 
to  suppose  that  the  netual  sliape  and  position  of  tlie  Givat 
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kpprwiably  distorted  by  pnralliiit.  In(K-<M],  tliu  dimpuetoDs  of  the 
dlipsce  bare  on  slmoiA  immrasiiraMy  email  ratio  to  tlic  dimensiotu 
of  tfafl  «-nnstfllHtion. 

How  »liiill  wf  >i(li-([Uiiti-1)-  dcficnlw  the  pxtmm  minutenpse  of 
th«  pantllattif  ellipses  in  tlio  ca»i-  of  ovtrn  the  nearest  stars  ?  In  the 
t«clmi(-!il  Un^iagc  of  astronomt-ni,  we  mny  state  that  the  lonf^t 
diameter  of  tlie  ellipse  can  never  siibtvnd  an  an^le  of  more  than 
two  seconds.  In  a  somewhat  morv  pnpuliir  moiiiK-r,  n*e  would 
■ay  that  one  thoumnd  times  the  major  nxin  of  llie  very  largest 
parallaetic  ellipse  would  not  greatly  exceed  thv  dinniet«r  of  the 
full  moon.  For  a  still  more  simple  illustration,  let  n*  endeavour 
to  think  of  a  penny-piece  placed  at  a  distanee  of  two  miles.  If 
looked  at  nlj^ewnys  it  will  be  lintwr,  if  tilted  a  little  it  would  he 
elliptie ;  bat  the  ellipse  would,  even  nt  that  dietanee,  be  ;rn:atcr 
than  the  (greatest  parallactic  ellipse  of  any  iitur  in  the  sky.  Sup- 
pose a  sphere  described  around  an  oltservcr  with  a  railtus  of  two 
miles.  If  a  penny-pieeo  were  placed  on  this  sphere,  in  front  of 
each  of  the  stars,  every  paralUctie  ellipw  would  he  totally 
conceak-d. 

The  star  in  the  Swan  known  as  61  Cjrffni  is  not  remark- 
able either  for  its  size  or  for  its  brij^htDess.  It  ts  barely  \-isible 
to  the  unaided  eye,  and  there  are  some  thousands  of  stars  which 
are  apparently  larmier  and  brighter.  It  is,  however,  a  very 
interesting  example  of  tiiat  remarkable  class  of  objecU  known  u 
double  stars.  It  consists  of  two  nearly  equal  starv  cIom:  together, 
and  evidently  connected  by  a  bond  of  mutwd  attnietion.  Hie 
attention  of  astronomers  is  also  specially  directed  towania  the  star 
by  its  larse  proper  motion.  In  virtue  of  ttiat  pro)>er  motion,  the 
two  components  are  carried  toRcther  over  the  sky  at  tiw  mte  of 
Jive  seconds  annually.  A  proper  motion  of  thin  maffiiiludu  ia 
extremely  rare,  yet  we  do  not  say  it  is  un{>amlletc<I,  for  there  are 
some  few  stars  which  have  a  proper  mutiuti  even  more  rapid : 
but  the  remarkable  duplex  ehnracterof  01  Cysni,  combined  with 
the  large  projter  motion,  render  it  an  tinifjiio  obj<<ct,  at  all  eventff 
in  the  northern  hemisphere. 

When  Bessel  proposed   to  undertake  llie  gmt  rmeorch  witli 
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whicb  his  name  will  be  for  erer  connected,  hB  detarmiiwd  to  dei 
one,  or  two,  or  three  years  to  the  continnoDs  obaerrmtiotu  of 
■tar,  with  the  view  of  measuring  carefitllj  its  pmrallaetie  eU^ 
How  was  he  to  select  the  object  on  which  so  much-  labour  wm  to 
expended?  It  was  all  important  to  choose  a  star  wbielL  Ae 
prore  sufficiently  near  to  reward  his  efforts  b/  ezhibitin^f  a  d 
Buralile  parallax.     Yet  he  could  have  but  little  more  tban  sam 
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Fig,  SO. — 61  Cygnl  and  the  Compariiun  Stars. 

and  analogy  as  a  guide.  It  occurrL'd  to  him  that  the  exceptioi 
features  of  61  Cygni  afForded  the  necessary  preeumptioa,  and 
determined  to  apply  the  process  of  observation  to  this  star.  1 
devoted  the  greater  part  of  three  years  to  the  work,  and  succeed 
in  discovering  its  distance  from  the  earth- 
Since  the  date  of  Sir  John  Herschel's  address,  61  Cy^ni  h 
received  the  devoted  and  scarcely  remitted  attention  of  astronoma 
In  fact,  we  might  say  that  each  succeeding  generation  undeitak 
a  new  discussion  of  the  distance  of  this  star,  with  the  view  of  ea 
firming  or  of  criticising  the  original  discovery  of  BesseL  H 
diagram  here  given  (Pig.  80)  is  intended  to  illustrate  the 
history  of  61  Cygni. 
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When  Beasel  ru^ra^d  in  hU  labouRt,  the  [mir  of  Htitr*  form- 
ing the  double  were  ut  tiio  point  indieutod  ou  the  (li«^nim 
by  the  date  1838.  The  licit  epoch  occurred  fiftt^n  jream  later, 
when  the  yoanffer  Struve  itndertoDk  hi*  reaearches,  aikI  the  pair 
oi  sXnn  bad  by  that  time  moved  to  the  po«ittoD  marlied  1^3. 
Finally,  when  the  aame  object  wa«  more  recently  observed  at 
DuRttink  ObiKrvatory,  the  pair  had  made  ttill  another  advanoe  to 
the  position  indicated  by  the  fiute  1878.  Thus,  in  forty  years  lhi« 
double  Blar  had  moved  over  an  arc  of  the  heavens  upwnM* 
of  three  mmutea  in  lenffth.  The  actual  path  is,  indeed,  more 
complicated  than  a  simple  rectilinear  movement.  The  two  stan 
which  form  lh«  ilouhle  have  a  ci^tain  relative  velocity,  in  con- 
M-qticnce  of  their  mutual  attraction.  It  will  not,  however,  be 
iiocessttry  to  take  this  into  aceonnt,  as  the  displacement  thus 
arising  in  the  lapae  of  a  nnffle  year  is  far  loo  minat«  to  produce 
any  inconveni-mt  effect  on  the  parallaetic  cllipee. 

Tbore  is  an  ever  pment  enemy  with  which  the  parallax  «eeker 
hw  to  contend.  Hat  enemy  is  the  atmosphere,  which,  even  when 
fn-c  from  clouds  and  fogs,  is  a  aoun^^  of  uncertiiinty  and  of  error. 
On  the  clearest  and  finest  ni^ht,  in  the  most  BUjwrb  climate,  the 
lefmction  of  the  atmosphere  distorts  each  star  from  ita  true  ))laoe. 
The  direction  in  which  the  telescope  mnst  be  point««l  to  see  the 
stnr  is  not  tlie  true  direction ;  It  is  not  the  direction  in  which  the 
tc](«co|>c  would  be  pointed  were  the  atmosplH-re  al>aent.  llie 
groMier  part  of  this  distortion  is.  no  doubt,  amenable  to  ealcu> 
lation ;  it  «an  W  allowed  for,  and  the  true  place  of  the  star  can 
1>e  approximately  asct^'Hainttl.  The  amount  of  refraction  under 
specified  circumstance*,  ns  to  the  eleratioa  of  th«  objtct  above 
the  horizt)!),  tha  temperature  of  the  air  and  the  liei^ht  of  the 
iMTometer,  adrailj  of  being  calculated  with  an  aniiracy  suflictent  for 
many  pvrpoaes  in  astronomy  ;  but  the  niicuiatcd  mult  is  still  only 
an  approximation  to  L)ii>  truth.  'llM-re  are  minute  irregnUnliea  in 
tJ»e  refraction  which  render  its  amount  so  variable  that  wo  nonnol 
entirely  eliminate  it*  effects,  and  the  corrected  places  of  ike  start 
mav,  fiwm  this  cause  alone,  be  oceaaionally  erroneous  (o  the  exttnt 
at  a  Mcon*!,  or  even  more.  Kor  the  pnsent  puift 
B  ■ 
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mni^Ditudv  ure  futal.     Ilie  jnnJWtiD  ellipee   wliic-b   vri* 
mctuHre  H,  pvrhii[)s,  \i»f\(  not  a  second  in  diameter.      If,  tLrrrfa 
our  obaervatioiiK  arc  wrtiiig  t>v  »  Urge  fraclmti   of  b    m'cooi], 
crron  woultl  bukr  hucIi  »  iMfgv  proportion  to  the  tuUil  iiuxntit^ 
su<.KVtw  would  Ih!  bo|Nrl«w. 

Th<Tw  iit,  liovv«v«r,  one  way,  and  proUibly  only  oiHf  yt*y,j 
eviuling  thn  tiifliculty.     It  U  founded  on  (he  fact  wliicli  wv , 
endeaviiua'd  to  itlutitruU'  hy  tlie  tvro  stars  shown  in   i'iti-  79. 
star  which  ii  very  distant  tisa  a  small  par.illa4.-tic  clli|>«e :  t 
which  is  near  hiut  a  (roni|iar)itively  large  ellipse.      If,  thorefore, 
stars  can  be  seen  in  the  same  field  of  view  of  the  t^Kiwrtpo,  aujj 
one  is  much  more  remote  than  the  other,  thi;  sizes  of  tJiu  pormll 
ellipses  will  lie  very  different.     On  the  diagram,  Vig.  SO,  four 
are  indicated  besides  61  Cvgni ;  two  of  thet*  hear   the  dbbw 
Beesel,  one  hears  the  name  of  Stnivo,  and  the  fourth  haa  tb«  nunsj 
Briiniiow,    These  stars  arc  small  telescopic  obj<x-lfi  :  they  an  i 
units  of  the  vast  host  with  which  Hw  wholv  hoivcnB  Immh. 
are  much  inferior  in  brifrhtncss  to  61   Cygni ;  they  lisvo  not 
reaiarkable  du]iU(-ity,  they  have  not  its  remarkable  proper  mot 
They  are  more  remote  from  the  earth  than  61  Cy^tii,  which 
are  to  suppose  standing:  out  boldly  in  the  forr|>round,  while 
others  are  the  distant  objects  in  the  picture.    Tlic  parulln<rtic  elli| 
described   by   61   Cygoi   is   therefore  larger   than    tlmt    deecrit 
by  these  other  stars.     Bessel  proposed  to  nu-amro  tlin   upf 
an^W  distance  from  61   Cy^i   to   the  stars  marked    with 
name   at   every  available  opportunity.      Tlii«   distam-e    mast 
coiiKtiintly  changing    by    the    cffic-t    of   jiarullax.       If    the 
have  been  imbued  with  gvometrieal  instinitt,  he  will  undent 
how  from  these  meimiircs  the  form  and  the  poitition  of  the  jwr 
elUpsc  cun  be  cerlainly  aniaortaim-tl. 

It  may  be  urgitl  Uiat  the  rirrraetion  muitt  nurely  dorati^  tl 
measures  also.     No  doubt  eju^h  of  the  stan  i»  greatty  displiuml 
refraction,  but  fortumitely,  they  are  both  dtsjilaced  by  almost 
same  amount.     The  dititancc  betwo*n  the  two  stan  is  thus  nt 
the  same  as  it  would  hi-  if  refraction  were  cnlirely  absent,  and 
minute  outstanding  difference  can  be  accurately  allowed  for. 
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thiH  hnppy  contrivajice  for  elimtnatini;  tho  effect  of  refraction,  the 
rcMcarcli  fomnnuul  (uirallax  us  brought  within  th«|fras|>of  giractical 
wtrouomy.  The  measarcs  of  the  Ktifpilar  dietBDcc,  tboiij^b  thus 
purged  from  refraction,  aro,  however,  still  complicated  by  the  proper 
DiotioD  of  01  C}'|rni,  1^  movement  of  the  elar  in  lU  parallactic 
ellipse  bccomui  (unslgimRtixl  with  the  rectilinear  mo^tnncnt  due  to 
proper  motion,  Thia  circiimBtimoo  will  not  cmbarrus  the  expe- 
rienced cum  [inter.  Ho  if  utile  t«  disentangle  the  eompositc  move- 
ment, and  doUirminv  with  uvcuravy  the  elliptic  and  ihc  rectilinear 
com  pone  i)t«. 

Dc«wt  eommoierd  the  pre|)aration»  for  his  frreat  work  in  n 
somewhat  stsrlJin^  matiner.  He  ordered  thu  opticians  to  eul  the 
ohject-^Iasa  of  hb  tolvscopc  in  half.  One-half  was  ri^ridljr  lixe<]  in 
the  tube  in  its  proper  position,  th«  other  half  was  mounted  on 
a  elide,  so  tliat  its  movement  was  rectilinear,  and  at  ri^ht  angles 
to  tbe  axis  of  the  t«Iescopc.  An  instrument  so  treated  ennrtilutes 
a  heliometer.  ^Vhen  directed  towanls  »  star,  entih  half  uf  the 
ohjeet-glass  forms  a  dislinrt  imnj>«  of  the  star.  If  tlie  halves 
be  in  their  ordiiiiirv  poxition  the  two  images  of  tJio  star  are 
coineidt^nt,  and  thi-  teU-*co[>e  performs  like  one  of  the  usual  type. 
As,  however,  tlie  movable  part  of  the  object-elaas  changes  its 
position  the  two  ima|;e«  separate,  and  the  distance  between  the 
imH(^  is  efjual  to  the  distance  through  which  the  half  ot>j<'i*t- glass 
has  been  moved.  Tlie  movement  is  effected  by  a  scnrw  of  delirut^ 
workmanship,  so  that  tlie  distance  admiteof  being  dclcrmiited  with 
accuracy, 

The  application  of  the  heliometer  to  th«  present  pral>1em  will 
1ml-  easily  undentood.  The  telescope  is  directed  to  Ol  C'ygni, 
so  that  the  eomporiaon  star  shall  be  also  in  tlw  Hehl,  and  then 
a«  the  two  bulvoB  of  tbe  object^glasa  separate  ao  do  the  two 
imagr*  of  thu  comparison  star,  (Inulually  the  screw  is  tunwd 
until  one  of  tlu'sc  two  images  is  brought  exai-tly  to  tlie  central  point 
betwMrn  tlio  two  components  of  61  Cygni.  Ilie  diatanco  through 
which  the  half  object-glass  hn«  licva  (lis)>laerd  ia  then  to  be  read 
off,  and  it  wit]  nrprrsent  the  ap[uire»t  distance  from  the  centre  of 
til  Cyuni  to  the  compaTisoa  star.  For  thri»  years  Bossel  deTot«d 
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himself  to  these  meaaureroents ;  anil  the  result  of   Iiis  ol 
was  the  discovery  aiid  the  mewBuretm-nt  of  Uic  |>nrall«cti4! 
It  vraa,  indeed,  but  a  email   object;   it  only  lc>ok«<1   m  )«igv 
ft  peony-piece  «x  or  aeven  miles  off.     B«t  am  he   found 
ellipEc  from  each  of  the  two  comparison  ttsn  iiidvi>eml( 
us  he.  h»d  exhausted  every  refinement  n-hick  vonsutnmato  skill  < 
suggest,  his  labours  elicited  the  glowing  lniigiiiif>«  of    Hi 
which  liAB  been  already  cited. 

Fifteen  years  later  {1H1>S)  the  oclcbrated  Rns«iiin  utroooii 
Otlo  Struve,  undertook  the  labour  of  a  new  determination  of 
distance   of  61  Cygni.      lie   determined  to  vary   Ibo   mrlliod 
observation  employed  by  Be^^sel  in  every  pottsible  detail.      Bvi 
meastintl  tlu-  dintiiiioe  of  tlie  centml  jioint  between  th«  coDi| 
of  61  Cygiii  from  his  compuriHon  xtam.     Struve  choac  a.  single  i 
|ionent  of  61  Cygni  nnd  a  coni]mrii«;n  star  marked  on  the  li^ra  1 
his  name,  which  is  ditfercDt  from  cither  of  tJioae  asod   by 
Struve  also  rejoctod  the  divided  object-glass,  and  lued  ins 
instruineitt  previously  dcMci-ihed  in  this  work  and  known 
parallel  wire  micrometer.     With  thist  he  im-n.iured  tli«  distance  i 
the  |>o«ition  angle  of  tlie  compniiMii   tttar  ft\>m  the    iipjier 
ponent  of  01  Cygni  for  a  jieriod  of  one  year.     Slruw's    lal 
were  abo   rewarded  with   success,  and  he  was  enabled    to  oh 
the  ]>arallactic  ellipse  from  his  measurements  of  the  distunoe,  wl 
he  obtained  an  independent  determination  from  his  mea«iir^i»uf 
position  angle.     The  two  investigations  led  to  identical  rfsiille. 

Struve  aud   Beesel  had  thus  each  shown  that   the    ]>nnll 
ellipse — and  therefore  the  distance  of  81  Cygni — was  a  rnvnav 
(juantity,  but   there  was  a   sulistantial  difference   betwc>«a 
remits.     Stnive's  determination  indicated  that  61  Cygni  waa  i 
nCAFCr  to  UK   than    Bcneel's  work  would  have   le«l    lis    Iai    eiif 
Desael')!  dijitam-c  is,  indeed,  half  ns  much  again  us  Struvr's. 
coucIuiIkI  Lhiit  the  distance  was  about  sixty  billions  of  miles ; 
thought  it  could  not  be  more  than  forty  billions  of  mile*. 
was  thus  a  discTe]iancy  between  the  two  ai>trononicra  <>f  t» 
billions   of   miles.     Is  a  discrepancy  of  twenty   billions   uE  mi 
•o  very  serious?     No  doubt,  viewed  by  our  tcrrc»lrial  stfttid 
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tli«  nnioiint  ix  enornioua.  It  wniiUl  tiikc  iifiout  300,000  yom 
even  tu  ixitmt  twenty  billions.  l)ut  tlic  <liv;r<:i)un('y  it  not  >o 
very  si^iiticaiit  when  it  has  occurred  in  thcw  coIukauI  magni* 
tildes,  the  stellar  dietances.  Vie  do  not  knov  the  pnrullax  of 
even  a  dozen  of  stare  well  enough  to  apccify  th«ir  distance 
accurately  to  a  distance  of  within  twenty  billion»  of  miles.  A 
pu«llax-fieek«T  would  fei'l  contented  and  satisfied  with  his  work 
if  be  could  b«  snrv  that  his  nror  was  well  within  this  limit. 

Th«  ca»c  of  81  Cygiii  is,  however,  exceptional.  It  is  one  of  our 
nran.'st  ncif^libuure  in  the  heavens.  We  can  never  find  its  distance 
Hceiirately  to  one  or  two  billions  of  miles ;  but  still  wc  have  •  con- 
soioiisnecs  that  an  nntvrtainty  nmotintini;  to  twenty  billions  is  too 
largi'.  Wo  shwll  presently  show  that  we  believo  Struve  was  right,  yet 
it  does  not  neeriwarily  follow  tliat  Bcmm-I  was  wroni*.  The  iipparent 
panidux  can  hv  easily  explained.  It  would  not  bo  easily  explained 
if  Slmve  hud  used  the  samir  com/iarUoH  star  as  Bi«<iel  hiul  done; 
but  Slruve's  comparison  star  was  different  fnim  ettlier  of  Bewcl's, 
and  this  ia  probably  the  cause  of  the  discieiianey.  It  will  bo  teeol* 
looted  tliat  the  whole  coenoe  of  the  procem  consists  of  the  oo»i[>ari- 
itnu  of  tJie  small  ellipae  mude  by  the  dixtnnt  etar,  with  the  larger 
r11i)Hte  made  by  the  nearer  star.  If  the  two  xtan  were  ut  ihc  Mime 
dittance,  tlie  process  would  be  wholly  init(t|}li<uibIo.  In  such  a  case, 
no  matter  how  near  the  star*  were  to  the  earth,  no  parallax  eoald 
be  <lcl*«ted.  For  the  method  to  be  completely  suec<eHsful,  the  com- 
parison star  should  be  at  least  eight  times  as  fur  as  the  priucii«l 
star.  Bearing;  this  in  mind,  it  ia  quite  possible  to  reconcile  the 
meamitea  of  lk«Ml  with  those  of  Stnive.  We  need  only  BMume 
that  Besael's  eom|)arifion  stat«  are  abmit  three  times  aa  far  na 
til  Cygoi,  while  Struve's  comparison  star  is  at  le»«t  i-it{ht  or  ten 
times  aa  Ear.  Wc  may  luld  tliat,  as  the  eomparisvii  stan  umnI  by 
Beswlatr  bnt,'hlvr  tliiin  that  of  Struve,  tlH-re  reatly  isa  |iirsumption 
that  the  hitter  is  the  ntuiit  <liHtant  uf  tiie  tbrK-o. 

Wv  have  here  n  cliarnet eristic  fmtnre  of  this  methtid  of  de- 
termining purallax.  Kven  if  all  the  olMemtlions  aitd  the  reductktns 
of  a  jiandUx  serica  were  niuttiemuti<-ally  correct,  we  tsiaM  not  with 
elrict  propriety  dcacnbe  the  final  rt-sult  as  kbe  parallax  of  one  star. 
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It  iM  only  the  iflfferenee  I>etwcen  the  parallax  of  the  atar 
of  th«  com))ariB»ii  stav.     We  can  therefore  only  iiseert   that 
|«ral1ax  sought  cannot   be  lees   than   the   tjuantity    determit 
Viewed  in  this  tnaoner,  ilie  disi-reniincy  between  Struve  ond 
entirely  vanishes.     Bef«cl  a6sert4>d  tlint  the  distance  of  61 
could  not  be  morf  than  sixty  billions  of  milcK.     Struve  did 
ooutradict  this — nay,  he  certainly  confirmed  it — when  he  she 
that  the  distance  coiild  not  be  more  than  forty  billions. 

A   quarter  of  a  ointury  has  elapsed  Mincv  Struve   made 
observations.     Tliosc  observ«tiona  have  not  be«n  chiillvnf;i?d; 
have  been,  on  the  wholv,  confirmed  by  other  invcstigatioDB. 
eritiwd  review  of  lh«  whole  subject  aereral  years  ago,  Auweni  I 
shown  tliiit  Stnive'iidet«rininatiou  i«  more  worthy  of  oonBdenopl 
\*  that  of  any  other  astronomer.    Yet)  not  withstand  iu)^  this  aut 
tative  dictum,  the  <iue«(ion  has  been  reeently  opened  Afreah. 
BrLinnow,  the  recent  Axlronomer-Royal  of  Ireland,  had  sue 
nieaHun-d  the  parallax  of  several  stars ;  the  instnimcnt  bu  u«d 
the  South  Ki)  unto  rial  at  Dunitink  of  twelve  inehee  aperture,  ' 
w<;  hiive  deMeribed  in  a  previous  <'hApter.     He  comnienci^d  a  serta 
iiWrvatJona  ou  tho  pamllax  of  61  Cyi^i  whi<.'h  were  continncd 
eoropleted  by  his  successor.     Briinnow  cho«e  a  fourth  coinparis 
star  (marked  on  the  diagram),  different  From  any  of    those  wl 
hfl<l  been  used  by  the  earlier  observers.     The  method  of  obscrvi 
which   BriJnnow  employed  was  <juite  diffexwnt  to  that  of  StniV 
though   the  lilnr  micrometer  was  used  to   liolh  casea.      Britnt 
eoDgfat    to  determine   the  parallactic    elli]>wi   by    meiixuring 
difference  in  deolinatioD   between    ((I    Cygni  and   the    cMitnt 
star.     lu  the  course  of  a  yeiir  it  is  found  that  tho  differ«n««j 
declination  undergoes  a  ]>crioilic  cltange,  and  from  that  change 
parallactic  ellipse  can  lie  computed.     In  llie  first  soriee   of  ol 
vatione  wo   meiisuretl   the  difference  of  derlinaliim    l>etwi>«a 
preci'ilin);  stiir  of  Ul  Cy^^ni  and  the  <'om|MnR')n  star ;    in  ihc 
aeries  we  took  the  other  com|)anent  of  HI   Cygni  and    the 
companson    star.      We    lind    thus    two  completely    iDdcpet 
determinations  of  the  jianillnic  n-sulting  from  two  ye»n>i' 
Tba  lirst  of  Ihcso  makes  the  distance  forty  billigns   uf   milrs. 
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the  •eeoiiil  makcR  it  olmort  txaetly  the  sami?.  There  can  be  no 
doubt  tl)ut  tliM  vrork  iiupport»  Struve's  dfltcnnination  in  correction 
o(  BeMfl's,  niid  tbereforo  w«  m»y  porhu[i4  sum  up  the  prraent 
rtnte  of  our  kiiowlodfro  of  thin  4]uci<lion  by  wiyinj-  thnt  the  distance 
of  61  Cvifni  it)  much  neanT  to  ttiv  forty  billiumi  of  mWea  which 
Strove  found,  th^n  to  the  sixty  btUion*  which  Bcwcl  found.* 
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Kig.  81.— Fsnllu  in  UediMtkn  v\  %\  Cjrgni. 


It  is  denrahle  to  give  the  rmder  Um>  meanK  of  fornniitg  hit 
onm  opinion  aa  to  the  (jii»lity  of  the  evidence  whivh  in  itvitiUble 
in  siKh  researches.  The  diagram  in  Pig.  81  here  Hhown  hat 
Uvn  constructed  with  this  object.  It  is  intended  to  illuatratv 
the  tecond  seriea  of  observations  of  dilTerrace  of  declination 
whivh  we  have  made  at  Dunsink.  Ench  of  (he  dots  rcpve- 
•eot*  oiM>  night's  observntionii.  The  Iteight  of  the  dot  is  the 
observed   differeDce  of    dt-cliimtion    betweiii   01    (B)    Cygni  and 

•  TS»  lUituiM  of  Al  CjTKni  1»*  •(■■n  boea  rocwntlr  innMigatMl  by  Itttt  Aaph 
Hall,  sA  WniJiiiiKUa,  who  hM  oltritnl  •  (Mull  pncUokll^  ca4iuiiilattl  witli  lb«t 
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tUe   compuriEon  slar.      The  dUtMice  iilvng   the  lioriKODtal 
or  Uie  abficisea,   as   a   niAtlii-iiutlicinn   would    caU     it — rcptri 
th«  date.     These  obefn'ationti  arv  groujml  monj  or  less 
in  the  vicinity  of  ii  ccTlttiu  vurvc,     Tbnt  <-iirve  expreaMMj 
tins    obst-rratiuiiH   elxmld   iiavi*   l)<>en,   ImJ    Ihvy    been 
perfect.     Thv  di>tiinc«.-ii  botwrt-n  the  dots  and   the   ounre  may 
regarded  a*  thi>  errors  whivh  liave  been  committud  in  making 
oWervations. 

Pcrhaj^s  it  will  be  thought  that  i»  many  maes  these 
appear  to  have  attained  very  undeairable  dimeiunoiw.  Let 
therefore,  hasten  to  say  that  it  v%a  precisely  for  tbe 
of  setting  forth  these  errors  that  this  dlatfram  liaa  bcea  shoi 
we  have  to  exhibit  the  vi-eakness  of  the  case  no  U 
its  Btrengtb.  The  errors  of  the  obsi-n-alions  are  not.  bcnrei 
tntrinsieally  so  ^reat  as  tni^ht  at  first  sight  be  inin^ncd. 
perceive  this,  it  is  only  necessary  to  interpret  the  st^lc  on  wl 
tJiis  diagram  has  been  drawn,  by  comparison  with  futniliar 
duds.  The  distance  from  the  very  lop  oE  th«  carve  to  th« 
zontal  line  denotes  an  angle  of  only  four-tenths  of  a  second, 
is  about  the  apparent  diameter  of  a  peiiny-pic<.'«  at  a  dt8taDt«| 
fen  mi/ft  !  AVe  can  now  appinistt  the  true  magnitude  uf  tbe 
which  have  been  made.  It  will  be  notieeil  that  no  one  of  tbe  dot 
distant  from  the  curve  by  much  more  tbitn  half  of  the  height 
the  curve.  It  thus  apjearv  Uiat  the  grrattst  error  in  the  wl 
teriea  of  obirrvutionit  amounts  to  but  two  or  three  tt^niha 
•eeoiid.  Thia  is  equivalent  to  our  having  poiuted  the  teh'ut 
tbe  np[;er  edge  of  a  penny>pieee  fifteen  or  twenty  mile«  olT,  it 
of  to  the  lower  edge.  This  is  not  a  great  blunder.  A  riOa 
whose  errors  in  pointing  were  more  than  a  hundred  times  m* 
might  sUll  easily  win  every  prize  at  Wimbltdon.  Iho  |)aialti 
elli]i§e  is,  however,  so  tmsll,  that  the  errors,  minute  an  th<-v 
bear  u  large  proportion  to  the  total  ijuantily  nndrr  vnnaKlcrati 
This  it  IS  which  constitutes  the  weakness  of  parallax  observat 
but  notwithstanding  these  diflicultiv*  the  tvsuIIn  are  aeemii 
entitled  to  contidcnec.  It  is  in  the  very  nataro  of  eui-b  w( 
that   by   inereasing   the   uuniU'r  of    uhservaUona  the  errun 
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io  ooiintcTtirt  wieli  other.  To  ensniv  the  Dcutralizution  of  i-rrow, 
ttu>  star  is  observed  on  as  many  nighUt  iw  pottil'lv,  and  a 
considerable  number  of  obsarvalions  arc  UHunlly  tccared  on  (-ach 
ni|;ht.  As  th«  number  of  obserrations  is  iocrvoMKl,  mo  docw  the 
error  of  the  final  result  diminish. 

Tlie  obKcrvations  bfin-f  all  compleU-d,  tbc  antronomer  fiiids 
Iiefore  him  a  vast  miws  of,  periiniM,  fifteen  Ihoiiuind  figures.  The 
{Hirullux,  of  which  he  i»  in  Mwrch,  c«n  be  nullidentiy  espresaed  by 
two  di^ls — intltx^l,  almotit  by  n  winglc  on«.  With  the  collection  of 
these  obsiTviit iniu'  thr  functiona  of  the  obterver  are  at  an  end.  It 
now  becomes  the  duty  of  the  maliematinaii  to  elaborate  from  tbi* 
mass  of  detail  the  oiie  or  two  (ijfuren  which  embody  the  final  result. 
lie  is  not  only  al>le  to  elicit  the  most  proliable  value  of  the 
pfimllai,  but  he  can  appraise  the  value  of  his  result,  and  exprtvK 
numerically  the  doj^e  of  conlidenoe  to  which  it  is  entitled ;  iii 
niiithcniatical  lanf^uagv,  he  determines  the  probablo  error  of  tiiv 
])ivnilliix,  as  well  as  its  most  probable  value. 

We  have  entered  into  tl»e  history  of  61  Cyyni  with  some  detail, 
because  it  is  the  star  whose  distance  has  been  most  studied.  We 
do  not  Mty  that  61  Cygni  is  the  nearest  of  all  the  stars  ;  it  would, 
iiuicHMJ,  Ih'  very  nsh  to  assert  that  any  particular  star  ww  the 
neareat  of  oil  the  countless  millions  in  the  bcarenly  ho«t.  We 
certainly  know  otte  star  which  seems  oearcr  lluin  81  Cygni;  it  licx 
in  one  of  tbc  southern  constellations,  and  its  name  is  a  Centauri. 
ThiH  ntar  in,  indeed,  of  mcmtmiblc  inli-rrat  in  the  hiiitory  of  the 
subject.  Its  punllax  was  lirvt  detcrniimt)  at  the  C'a|>e  of  Good 
Hope  by  Ilendef^on';  subsequent  n-M-ur^ht-s  bavi-  conlirmed  his 
observations,  ant]  the  ehiborate  tuveKtiK»tiuus  of  Jklr.  Gill  have 
proved  that  the  parallax  of  this  star  is  about  three-qoarlers  of  u 
second,  so  that  it  b  only  two-thirds  of  the  distance  of  tft  Cyj^i, 
By  whitt  npicious  intuition  was  Heuderson  (guided  to  a  com- 
puralivdy  nvar  star  in  the  soutlwm  hemiiiphen?,  and  Brasel  to 
one  in  tlw  northern 't 

ttt  Cyi^ni  nrrt-stcd  our  attention,  in  tlie  Rmt  iuNbince,  by  the 
circumAloiiee  tltat  it  had  the  larp.'  prujifr  motion  "f  fivu  Moonds 
aiiuoatly.     We  have  also  ascertsincd  Uutt  the  annual  ponUiut  u 


I 


about  half  a  second,     Tb«  combination  of  HufHc   two  mIai 
IukIh   to  a  result   of  crm»(l«rable   intereet.       It    tvncbe*  i» 
61  Cy^i  mtixt  o»4-Ii  y«r  traverse  a  (listaoce  of   not  Icse  tbaa 
times   tbc   radius   of   thu   earth's   orbit.      TraiiKljitin^    this 
ordinary  figures,  ve  Iciu-n  thjit  tbis  etar  must  truvul  nine  bu: 
and  twenty  million  milvs  [xr  annum.     It  must  move  bettr«-a 
and  three  million  milcH  ciu'h  day,  but  this  can  only  be  Bccompli 
by  miuntaiiiing  th(>  prodigious  vuloc-ity  of  thirty  niilvs  per 
Then  scvm*  to  bo  no  escape  frvim   tliio  conclusion.      The 
which  we  bave  doscrilicd,  and  which   nro   now    sufRL-tcntly 
«stjib]ishcd,  are  incoiivislcnl  witli  tiiv  i(up|io«itioD  tliut  the  velt 
of  61  Cyinii  IB  It^ss  tban  thirty  mitiM  ]>cr  srvond ;  tbv  votocHy 
he  ^renter,  but  lem  it  iriiniiot  Iw. 

For  forty  years,  for  one  bundi«<l  yeant,  we  know  that  61  C 
has  been  moving;  in  the  sumu  dirvction  and  with  the  Kume  vvluot' 
Prior  to  the  existence  of  tlic  tc1e«copc  we  bave   ho   ob«ervatinii  I 
guide  us;    n*c  eannot,  tJiervfore,  be  aWiluti'ljr  cfrtain  aa  to 
esrtier  history  of  (his  sinr,  yot  it  is  oniy  reasonahlc  to  itupfUM 
61  Cygni  has  been  moving  from  remote  antiquity  with  a 
comparable  with  that  it  has  at  presrtit.     If  diittiirbing   infl 
were  entirvly  absent,  there  could  be  no  tia«e  of  doubt   nUmt 
matter.     Some  disturbing  inHnence,  however,  then  nmat  he; 
only  question   is   whether  that  disturbing  influence    bi 
to  seriously  modify  the  assumption  we  have  mndc.      A 
disturbing  iuHuem-e  might  greatly  alter  tbv  velocity  of  the 
it  might  deflect  the  »tar  from  its  reetiliDectr  coufBc ;  it  might 
force  the  star  to  move  around  a  closed  orbit.     We  do  not, 
ever,  believe  that  any  disturbing  inSueoce  of  this  magtiituite 
be  contemplated,  nod  there  can   be  no  iMsonablo  doubt  tl: 
Cygni  moves  at  present  in  a  path  very  nearly  stnug-ht,  and 
a  velocity  very  nearly  uniform. 

As  the  distance  of  61  Cygni  from  the  enn  is  forty  hilli 
miles,  and  as  its  velocity  is  thirty  miles  a  seeoud,  it   is 
Rnd   how   long   the  star  would   take    to   accomplish    n     >i 
eciual  to  its  distance  from  the  sun.     I'lic  tira«-  re<|uinr(|   wi! 
about  lOfUUU  years.     In  the  biet  40U,000  ymnt,  til  C'ygm  will 
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aved  oTor  ii  distaiuw  ten  times  ac  (jreaL  as  its  |)re««nt  distance 
tbe  BTin,  what«ver  bo  the  direction  o£  inotion.  This  etar 
mu»t  therefore  have  bocn  about  ten  times  as  far  £rom  the  earth 
400,000  yean  ago  as  it  ix  at  present.  Thouffh  this  epoch  is  in- 
credibly more  remot*'  thiin  any  hiotoricnl  n«c«nl,  it  it  perhaps  not 
incomtmrahle  Mith  the  diiiatioiior  the  hiimita  ruec;  while  compareil 
with  the  vni.i  Iniise  of  geological  time,  eudi  periods  »eeni  trivial  and 
iniiigniBciuit.  Geolofiiott  have  lung  agn  repudiated  m^e  thoitgandii 
of  years;  they  now  eUim  millioDn,  and  niiuty  millions  uf  ycarc, 
for  the  perCormaoee  of  geological  plK-iioniena.  If  the  earth  has 
existed  for  the  millions  of  years  which  gi^<>Io^iat«  assert,  it  becooieK 
reasonable  for  astronomera  to  xpeculate  on  the  phenomena  whi<-h 
have  transpired  in  the  beaveiis  in  the  lapae  of  similar  agvs.  Bt' 
the  aid  of  our  knowled^  of  Htar  distances,  combiDe<l  with  an 
assumed  velocity  of  thirty  miles  per  second,  we  can  make  the 
attemjit  to  |>eer  baek  into  the  remote  post,  and  show  how  great 
are  the  ehangv-s  which  our  universe  seems  U>  have  underfri>iH>. 

In  a  million  years  til  Cygni  will,  apparently,  have  movod  through 
a  distance  which  is  twenty-fi\'e  times  as  great  aa  its  present 
distaooe  from  the  »un.  Whatever  he  the  direction  in  which  01 
Cygni  i«  ntoring — whether  it  be  towards  the  earth  or  fr^n  the 
mrih,  to  the  right  or  to  the  left,  it  must  have  been  about  twenty- 
livi>  times  an  far  »lf  a  million  years  a;^  as  it  is  at  prenent;  hut 
even  at  its  pTf»4'iit  diKtance  61  Cygni  is  a  small  star;  were  tt  ten 
linicH  ail  fur  it  roiiW  only  be  seen  with  a  y^mttX  telescope  ;  were  it 
twenty'flve  titnes  us  far  it  could  luui'ly  he  a  visibW  {luinl  in  our 
ftmtut  tele»eo{)e«. 

The  eonclustona  arrived  at  with  rr^an)  to  61  Cy^i  may 
be  applied  with  varying  degrees  <>f  empliaais  to  other  stan. 
We  are  thus  led  to  the  oonclusioii  that  many  of  tJie  start  Willi 
which  the  lieavena  are  strewn  are  a))|)arently  in  slow  nio4t»n. 
But  this  motion  thou^  apparently  alow  may  really  be  very  rapid. 
When  standing  on  the  sea<sbore,  and  Wking  at  a  steamer  on  tlie 
distant  horizon,  we  can  hardly  notice  that  the  steamer  is  movinff. 
It  is  tnie  tliat  by  looking  again  in  a  few  minutes  we  can  detuct 
a  change  in  the  place;  but  the  motion  of  the  atauDer  seems  slow. 
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Yet  if  wi*  iv<-rr  near  tlie  KtvaiiK-r  we  wouM  (ind  tlrnt  it  vtm  rn 
nlnngat  lli<f  rnti- of  many  inii^-M  nil  hour.  It  ix  thfUistaooa< 
cnuM9  tho  iUtixioii.  So  it  i*  with  tiie  »tnr» ;  they  neem  to 
(dowly  bt'i'iiusc  thoy  ure  very  dixlast,  luiti  wow  we  nt-ar  tfad 
caiiiti  »«;  tliiil  in  tho  iimjtirity  of  ciutra  tlieir  motions  nru  f nom 
riL]ii<],  Slid  probably  n  tliouKwid  timra  lU  fant  iw  the  swiftest  tt\ 
that  ever  pluuglKid  tlw  oocftn. 

It  thiu  iippeariK  t.liat  the  [lerinancDCtf  of  the  siilurml  bt'svi-iM 
ihe  lixity  uf  tW  onuatelUtious  in  their  rt>1ativt*  |>t»>itii>DB,  bk 
ejihemera].     \Vb«n  wo  rise  to  the  contemplation  of  mnch  \ast 
of  time  aa  the  reeearrbes  of  geology  disclose,   the  dunibtlity 
constelUtiona  vaniehea !    In  the  lapse  of  those  sttipoiHlouK  agci 
and  con  gt«  11  at  ions  gfodiially  diseolve  from  view,  to   W  tv 
others  of  no  grentrr  perman«nce. 

In  order  to  lonvcy  some  idea  of  the  nuignit tides  of  th<'  qnsi 
with   which  wi-  havu  to  deal  when  we  lire  discussing  the 
motion  of  the  r-tan,  let  ue  stndy  the  effcctfl  of  f'ry>{HT 
tlic  priticiiml  Ktiirs  of  the  Great  firar.     ^i^ht  after   nifrht 
thi'si;  stavK  in   the  <rame   rehitivc  positions,  and  tliL-  [;t>ncrul 
line   of  the  eonstcllation   has   n^miiinvd   unaltered    for   cvd 
Homer  sjMike  of  it  thousands  of  years  ago  as  the  bear  which 
to  dip  into  the  sen,  »lhiilin<;  to  the  fuel  that  in    tbrae  Utti 
this  conxtellution  never  net*. 

But  it  i.*  very  iulemling  to  inquire  whether  some  vhnn, 
not  have  oecurrtd  in  the  irinrt  of  tlie  Great  Bear  since  the 
times.     Fortunately,  we  have  the  means  of  answering  the  ir 
with  n  considerable  degree  of  accuracy.     Nearly  two  tbonaiuMt 
ago   Ptolemy  constnicted  a  catalogue,  iu  wliicli   hu  rcooi 
position  of  a  hirge  number  of  fixed  state.     Ptolemy  ha4l  nO; 
scope,  but  bt  hud  cunftructed  certain  instruineuls   lor 
the  pOBJtiuDS  of  the  stars  iu  the  heavens.     No  doubt   we 
Duw  eoDsider  thew:  contrivanees  exee^sively  rudo  ami    itun 
uiid  vKKtly  inferior  to  those  tised  every  «hiy  by  niiHlem  ostruD' 
Yrt   the   antiquity  oE   l^leiny's  obK-rvations   ciitiEurv   ou 
positive  value,  whieb  more  than  eomfiensates  for  their  inoooi 
Among  the  stats  which  Ploleuiy  observed  wen;  tliuac  of  tli< 
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Bear;  and  from  bis  observaliona  we  are  able  to  oonNtnict  tli«  mnp 
oC  the  Great  Bear  as  it  appeared  to  hini,  and  ooiii{Nire  it  witJi 
th«  preaent  appearance  of  tJie  eame  constellation.  The  compariBon 
^0W8  that  the  sbapc  of  llie  Great  Beur  biu  not  changed  much  fur 
the  last  :J,l)Ul)  yean.  There  is,  howerer,  tome  diSer«uce  bctwoim 
the  past  and  prevent  places  of  the  star*.  A  part  of  the  difFerencm 
eto  be  cxpliiioed  by  tlie  iDevilabl«  errors  of  the  crude  methods  of 
incoKiirin^  tisod  by  I'tolcmy ;  hot  making  every  allon-ance  for  theae 
em>nt,  there  can  still  be  no  doubt  that  the  p'witioDS  of  tlie  staia 
have  perceptibly  chan^  in  2,000  years. 

Wv  next  proceed  to  the  history  of  a  very  rcmarkiiblc  star, 
which  ha»  been  the  subject  of  niu<:li  parulliix  r<^ifoarch  and  of  much 
ingenious  spMulution.  llie  ittar  will  be  found  in  tliu  Gruit  Bear, 
bat  is  only  of  the  sixth  or  the  seventh  niuf^nttiide,  and  tltcivforv 
tnvi«ib1c  to  the  nnaidcd  eye.  It  is  one  of  that  niyriud  bottt  of  stan 
still  rcniaiiung  iiocbristcDcd,  so  that  aaironomeni  r^-for  to  it  eitJier 
by  it«  place  on  thv  heavens,  or  by  citing  Gnuxnbridgv's  well  known 
star  catalogue,  in  which  tlie  star  ii  No.  1,S3U.  Yet,  though  small 
and  ioeonspicuous,  this  object  is  in  one  rt'Wiicct  tbc  ino«t  remarkable 
stjir  knon-u  among  the  thouands  in  tlic  northern  hvmisphea*.  It 
is  distinguished  by  the  cxccptiunnlly  lurg^  amount  of  ita  (wopcr 
motion.  In  virtue  of  this  proper  motion,  Groomhritlgc  1,S30  move* 
over  DO  Ices  than  seven  seondit  of  arc  )>er  annum.  It  nliould  also  be 
remembered  that  our  tek-«cio|)cs  only  give  us  that  component  of  tlie 
proper  motion  which  is  projwtcd  on  the  surface  of  the  lieaveus. 
The  rvsnltant  projwr  motion  must  of  course  be  generally  greater 
than  this  ninglc  component.  By  Mr.  Iluggina'  apectroeoopic 
method,  to  be  described  in  a  future  chapter,  it  raigtit  be  possible  to 
measure  the  velocity  of  tlie  star  along  the  line  of  sight.  It  tJiis 
eouM  be  ascertained,  tlien  by  the  composition  of  velocities  we 
could  determine  (l>c  numerical  value  of  llie  true  proper  motion.  In 
tlie  absence  of  sik'Ii  measures,  we  can  only  assert  that  lh«  proper 
motion  of  this  stiir  may  be  greater,  but  cannot  be  lera,  than  seven 
srconds  per  annum.  We  hare  calculated  the  moet  probable  value 
of  thu  proper  motion  from  the  theory  of  probabilitios,  and  have 
found  that  it  ia  just  a»  likely  to  exceed  nine  aeoonds  per  annum  as 
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to  hll  short  thereof;  we  s 

to  be  ee%'en   sceands,  as  tliat   n-ill  be  amply    sufficieut 

purpose. 

We  first  translate  the  conwtptton  of  the    proper  mot 
other  forms  in  which  it  may  be  more  r«!idily  intelligible, 
ft  star  placed  at  tbe  Pole,  and  ntovin;;  with  the  velocity 
seconds  per  annum  across  the  heavens  to  tliu  Belt  of  Orioa. 
is  a  disbince  of  nearly  ninety  degrees,  and  the  entire  joamejr ' 
occupy  about  forty-six  thousand  years.     £vvn  in  a  few  montl 
movement  would  be  large  enough  to  be  ivadily  detected 
Bcopic  nbscrrvation,  wlitle  in  a  period  of  two  hundred  »nd  fiftyl 
this  star  would  travcme  a  dintanoc  on  the  aurface  of  the 
equal  to  the  apparent  diainet^ir  <if  the  full  mw)n. 

When  we  spalc  of  a  tart/r-  proper  motion,  it  is  to  be  tinde 
that  we  refer  for  compurisoii   to  the  <inliniiry  proper  moti^ 
ordinary  stars.      Comparvtl  with   the  proper    inotioDs   of 
belonfring  to  the  iiolitr  system,  the  proper  motions  of  tlie  «t 
extremely  Bmall.     The  slowest  and  most  r«mote  planet,  N« 
moves   over  eight  hundred   times   as   much    arc    per    annul 
the  most  rapidly  moving  star.     We  must  be  prepared  t<i  fm 
although  Groombridge  l,S3i)  only  cbangee  its  place  at  iJie 
seven  seconds  annually,  yet,  that  as  its  distanco  is  eDormnuslv  | 
the  intrinsic  veloeily  of  the  star  may  attain  portcntonsi  dimev 

Several  attempts  liave  been  made  to  measure   tbe  JikE 
Groombridge  1,830.     Astronomers  wore  specially  iitlmclMl 
researoh  by  the  exeeptioniil  proper  motion,  which  Mi^med  t«j  at 
that  a  measurable  distanoe  mi{;ht  he  ex])ec1ed.     Strang 
however,  this  antiei]>atioii  has  not  been  realised;   the  star 
among  tiic  sun's  nearer  neighbours.     PerbajM  the  most  sue 
detcrminittion*  are  those  obtained  by  Siruve  and    by 
The  latter  has,  indeed,  produced  a  memoir  H[K>n   the   pamE 
Oroomhnd)^e  1,8.'10,  which   is  a  classical  work  in  thi«  hr 
aatTonomical  literature.       Itotli   these  observers  have  sho* 
this  star  is   at   least  lour   or   five   times  as  far  fruni    tbe 
as    the    star  Rl    Cygni,    which   engafjed    our   attention 
4>arlier    part    of    this    chapter.       By    Ute    combiuation 
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tn«iunin<d   diatnnoe  nnd   the   ktxiwn  projicr   motion,  we  irrive  at 

<»  rv&ult   wbich  u   very  ilurtlin^.     An   olworvvr  ftituHt«il  on   tlie 

star  and    lonkiug   at  th«  »o\ut   nyntem,  would    find    tlio    radius 

of   tlio   oiirth's    orbit    to  «iibt«iid    an   anglu   oF   onistrnth    of   a 

..second ;  we,  on  the  other  band,  aee  tliat  the  stnr  riovvn  ov«r  ecvcn 

liMOnds  in  a  year.     From  this  it  follow*  that  the  unntial  journey  of 

Groombridffe  1,840  muat  be  no  tesa  than  aevcnty  timM  the  radius 

I  of  the  earth's  orbit ;  in  other  words,  the  velooity  of  thi^  titar  ia  so 

I  enormous  that  it  would  travel  from  the  earth  to  the  sun  in  about 

five  days.      It  does   not  seem  possible  that  there  can   be  any 

itihstantial  error  in  this  conchision ;  indeed,  the  known  facts  would 

be  quite  eonnisteat  with  the  suitposition  that  the  star  travelled 

over  a  distance  0(|ual  to  one  hundred  ralii  of  the  earth's  orbit  per 

snnam,      We  have  taken  th«  )ow«st  estttnat«  that  can  be  recoo- 

cileil  n-ith  the  obwrvations,  in  statin);  the  velocity  to  bL>  seventy 

nidii  per  annum.      A  very  simple  talculatioD  will  transform  tliis 

result  into  more  familiar  langiiaf^f. 

We  Ums  obtain,  finally,  the  extraordinary  result  that  the  aotiia) 
velocity  of  this  star  is  not  less  than  two  hundred  miles  per  s^ond  I 
In  ten  roinut«s  Groombridge  i,S30  Iios  travelled  W>,i>t)0  mib-s. 
In  one  minute  this  wonderful  star  would  perform  the  jourucy  from 
London  to  Ftikin.  If  our  earth  moved  equally  Fast,  the  journi-y 
around  the  sun  would  be  aeGom)>lUhed  in  about  &  month,  iiutMd  of 
the  year  which  ia  now  required.  We  do  not  assert  that  ao  grmt  s 
velocity  is  absobitely  unparalleled  in  the  univerw.  In  Uic  full 
(lush  of  its  perihelion  swoop,  a  com«t,  w  it  ]assi!8  clow  to  the  sun, 
may  attain  this  velocity,  or  may  even  exce<ed  it.  Thia  ia,  Itowevrr, 
a  men- explosive  outburst  »F  vigour  on  the  lutrt  of  tlie  comet;  the 
great  velocity  is  soon  abated,  a  nnctioit  wtM  in,  and  in  the  remote 
\nui»  a!  ita  orbit  llie  motion  is  very  nlow.  Ilie  velodty  of 
Grounibridgv  1,$:)0  ia  no  merv  apaainodic  ttffort ;  with  a  stately 
uniformity,  worthy  of  the  dimity  of  a  majestic  son,  it  sweeps 
alon|r,  alike  inllcxible  in  U>o  direotioa  of  its  motion  and  in  the 
velocity  with  wbi<-h  it«  joun>ey  is  performed. 

llut  it  not  unfrm|U(>ntly  bappuus  that  a  pnrollas  research  proves 
abortive.     The  kbour  ia  ■ooompltBh4M],  Uie  ohscrvationa  an  reduced 
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and  discuKcd,  unci  yot  no  value  o£  the  parullitx  mn 
The  dUtanve  of  llio  star  is  eo  vast  that  our   b«iM  lii 
it  is  iii.'31'ly  two  hundred  millions  of  mileti  long,   tm 
bear  lUiy  ii|ipKcinble  ratio  Xo  the  (lisUnce  of  the  Ktor. 
such  failurvH,  however,  information  may  often  l>e  drmwi 

I^t  ine  illustrate  this  by  an  acrouat  derived   Fniti»| 
riciice   at  Ihjiisink.      On    the   Slth    Noveinlier,     II 
known    nstroiiomer — Dr.    Schmidt,   of    AtheiiM — notic 
lirighl  star  of  the  third   magnitude  in  the  conHt<^11nt 
in   a   pinee   where  he  was  sare  that  no   correHpctnding 
cxioted   four  days   pre\-iouely.      The   star    which     tbt 
hurst  into  splendour  seems  never  to  luLve  been  ol 
The  eharta  and  catalo^es  were  scaieliod,  and   they  ahoi 
iu    thnt   position;    so    that    if   Xova  Cy^ii     wore    really 
outbreak  of  brilliancy  in  a  small  star,  that   Ktur   must 
80   small  as   to  have  eecaped   the  attcntioD    of    si) 
ing  astronomers  who  hod  previously  eiaminet]   tliat 
Euddenly  noquirod   splendour  of  Nova   Cyg;iti    was 
duration.      In  a  single  week  it  lisul  ceiwul    to    be 
object;  in  a  fortnight  it  was  no  longer  vioiblc  to  the  uouj 
and  at  the  Iwet  it  dwindled  down  to  a  minute  telescopic  pM 

ThiK  iJi,  in  any  caw!,  a  very  remarkable  career.  Weal 
that  it  in  unjuimtloltNl,  ti»  there  have  been  other 
recorded ;  but  it  may  bi!  reganUtl  as  certain  titat 
never  a  new  star  whieh  wilk  honoured  by  so  much] 
as  was  shown  to  Nova  Cygiii.  ]''rum  the  outtirenk 
to  its  decline,  this  wonderful  utar  has  been  relent U-Mily  ptu 
equatoriala,  meridian  circles,  micrometei-B|  and  the  |wh 
of  tlie  modern  obser^'atory.  I)y  Ike  Bpcclnsco])e  i-spivtu 
interesting  facts  have  been  asc-crtained.  It  baa  Wvn 
the  constitution  of  this  star  is  totally  differont  from 
ordinary  stars.  The  spectroscojie  proves  that  the  brillianl 
of  Xova  Cygni  whs  due  to  the  presence  of  (flowin);  uh 
dcitrent  guKOtc,  whitt?  the  same  subtle  iustruim-nt  showml 
the  star  was  decliDing  to  invisibility,  the  last  rayn  wl 
llie  eailli  were  emitted  not  from  a  solid  but  from  bob 
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ij.  It  is  imposnble  to  rmist  the  conclusioa,  that  th«  cphi^mcrsl 
B]>t(!  11(1(1  II  r«  of  the  Btar  were  ooniKcted  with  §oine  prcKli}^ous  oiit- 
oF  lumiiioiu  vapour,  on  the  cause  oE  which  it  n  bard  to 
Kstst  UuKiirOinj;  a  epci-ulntion.  Most  astronompra  are  of  opioioii 
that  in  nil  probability  the  Hudden  oatburet  of  Bplendoar  wiu  due 
to  B  viillidioR  betwfvn  two  bodies,  wbioh  dashed  togothcr  with  a 
hi^h  ri'Iutivc  velocity.  It  is  known  that  such  ii  oollision  \fouh) 
l>c  an  adfr|»nt<>  chiim  uF  brilliant  incsn<lewi*nce.  IF,  for  t-xainplo, 
two  bmlivH,  each  oigiiiil  to  the  t-nrth,  and  muviiiff,  as  the  i-arlh 
does,  with  n  velocity  of  cightiH'i)  milvM  a  ovcund,  wen  to  collide, 
a  ]irodig-iou9  Hiuih  vf  light  would  be  thv  coDMtquetu.'G,  while  t)u- 
heat  (levcltiprcl  would  ix:  udequatc  to  diMi|nte  the  entire  masn  uf 
both  into  jjlowing  vapour. 

Oti  the  2()th  of  November  Nova  Cygni  wan  invisible.  Whether 
it  first  burst  Forth  on  the  21it,  22nd,  or  23rd,  no  one  can  tell ;  but 
on  the  :illh  it  waa  diacovcred.  Its  brilliancy  even  then  sceued 
to  be  wailing;  so,  preiiiiniably,  it  wiis  lirightcttt  at  some  monienl 
between  the  20th  and  24'th  of  Novemlx-r.  The  outbreak  moat 
thus  liikve  been  <'Dm)>iimtively  sudden,  iind  we  linow  oF  nci  caui« 
which  would  aerounl  For  such  a  phmomenon  more  niDijily  than  a 
f^^ntie  collision.  The  <)c<c-tiiie  in  the  brilliuiiey  wus  much  more 
tardy  than  its  growth,  and  more  than  ii  fortnight  jmssed  before  the 
star  n^lupsed  into  tiuigniticanM' — twuor  three  days  for  the  rise,  two 
or  ihn-'c  weeks  for  th<!  fall.  Yet  even  two  or  three  weeks  was  a  short 
time  in  which  to  extinguish  so  mighty  a  conflagration.  It  is  eom- 
jiaratively  easy  to  suggest  an  explanation  of  the  sudden  outbreak  ; 
it  U  not  equally  eas)-  to  uuderstAod  Iww  it  tan  havo  lw<-n  KuUIued 
in  a  few  w^fks.  A  good-sized  iron  easting  in  one  cf  our  r<'iindri«* 
lakeM  nearly  as  much  tiuw  to  cool  as  sutBoed  to  ahut«  the  celestiul 
tires  in  Nora  Cygni  I 

On  this  ground  it  seemed  not  uiirejunnable  to  (appose  that 
perhaps  Nova  Cygni  was  not  r«»lly  u  very  extensive  oonfla- 
gration.  Uut,  if  nuch  were  the  case,  the  star  must  have  been 
comparatively  NAir  to  the  tarth,  since  it  presented  so  brilliant  a 
tpectacle  and  attnct«<d  ao  mm-h  attentiuu.  It  therefore  appear«<l 
a  phtusible  object  for  a  parallax  roscarob ;  and  eonwtjueuUy  a  serioa 
o  c 
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of  flb«rv»iiona  were  reoeotly  moiU-  at  Diinsink.  We  wsb 
tine  too  much  «ii(^ged  Kith  other  work  to  devcte 
Ittboar  to  a  reeeareh  which  niijjht,  alter  all,  only  prove  ilU 
itiinply  made  a  euffident  number  of  micrrnnetrio  meuiai 
te«t  whether  a  lar^e  parallax  exi«U'<l.  It  hns  been  already  p 
out  how  each  star  appears  to  describe  a  minute  parallaoUo  < 
ninsequenue  of  the  annual  motion  of  the  mrtli  and  by  me 
of  tkia  ellipse  the  parallax — ond  therefore  tbe  diatsnc 
(tar  van  be  dcterminod.  Under  ordinary  circtimstancefl, 
)>axiitlax  of  a  star  is  being  invesli^ilcil,  it  is  npcc-ssary  to 
the  position  of  the  star  in  its  ellipse  on  niniiy  dilTeivnt 
distribut«d  over  a  period  of  at  l«wt  an  entire  year. 
we  adopted  was  much  Ie«6  laborious.  It  was  suQicie 
to  test  whether  or  not  Nova  Cygiii  bad  a  large  parallax,  tb 
might  not  have  been  delicutc  enough  to  di«c)o)*e  a  nmall; 
At  a  cerlaiu  date,  wbieh  t-an  be  readily  c-omptitrd,  the  atar  j 
end  of  the  parallneUv  fUipse,  and  six  montlw  Intor  the  star  j 
othcreiid.  By  ciiooxing  Ktii(uhlu  limes  in  th«  year  for  our 
tious,  we  can  tneai^iire  the  tstar  in  Ihowe  two  positions  when! 
dontngetl  by  parallax.  It  was  by  observutiuiis  of  tliiK  kind' 
sought  to  delci-t  (he  parallax  of  No\'a  Cygiii,  Its  dtatatia^ 
neighbouring  star  was  carefully  measured  by  tbe  nuoromet^ 
two  seasons  when,  if  panilhtx  existed,  tJiose  diatnnces  abooU 
their  gTrate*t  dis(-n')iaiivy  ;  but  no  ettrtaiu  diOV^n-iice  betwMt 
distancm  could  be  di.-t<-('ti.-d.  The  observations,  therefore,  fai 
reveal  the  existence  of  a  pamllacUo  ellipM — or,  in  other 
(h0  distance  of  Nova  Cy^i  wut  too  ^reat  to  be  mi 
obsarrations  of  this  kind. 

I  feel  certain  that  if  Nova  Cygni  ha«J  been  one  of  tin 
stars  these  observations  would   not  have  been  abortive, 
therefore  entitled  to  believe  that  Nova  Cypni  must   be 
£(I,000,UOO,OUO,UUU  miles  from  the  solar  system;  nud  the' 
tian  that  the  brilliant  outburst  was  of  small  dimenxions  nil 
once  ubindoncd.     Tbe  intrinsic  brightness  of  Nova  Cyj^nt, 
its  host,  cannot  have  been  t?reatly  if  at  all  inferior  to  tht* 
of  our  sun  himself.     If  the  sun  were  withdnwn  from 
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distADcc  of  Nova  Cyjrni,  it  would  aeeminffly  bave  dwintlled  down 
to  ail  object  not  more  brilliant  thui  the  variable  sUr.  llow  Uie 
lustre  of  such  a  etupeudous  oI>j«(.-t  declined  to  rapidly,  remains, 
therefore,  a  mystery  not  t-asy  to  explain. 

Have  we  not  said  that  the  outbreak  of  lirdliancy  in  this  star 
occiirrml  between  the  ^Uth  and  the  24tb  of  November,  1»78?  It 
would  be  more  correct  to  say  that  the  tidings  of  that  outbreak 
reached  oar  system  at  the  lime  referred  to.  Tlic  rval  outbraak  mutt 
bave  taken  plaoe  years  prvv'iotisly — three  yeani,  ill  all  events,  and 
I)Ossibly  much  more.  At  the  time  that  tlw  M(ar  excited  iiach  com- 
motion in  the  astroRomical  world  it  had  really  rdajjuxl  again  into 
insignificance,  for  the  rays  of  lij^Iil  which  atttrt  from  tlie  utar  take 
years  before  they  traverse  the  mighty  distance  to  the  volar  system. 

In  eonncction  with  the  siibjoct  of  the  present  chapter  we  have 
to  coniiidrr  a  ^n*i  problem  whidi  was  proposed  by  Sir  William 
Hentrhi;!.  He  saw  that  the  aUin  were  animated  by  proper  motioo ; 
he  Nuw  aW  that  the  sun  is  a  star,  one  of  the  countleaa  hott  of 
heaven,  and  he  was  then-fore  ted  to  propound  the  stupendous  ques- 
tion as  to  whether  the  sun,  like  the  otJier  stare  which  are  ita  |>cerB, 
was  alio  in  motion. 

Consider  all  that  this  great  ijuestion  involves.  'n>e  sun  hns 
around  it  a  retinue  of  planets  and  tlieir  atteiKlant  aatcllitea,  the 
comets,  and  a  host  of  smaller  lixdies.  7'he  quustion  ia,  whetJier  all 
this  su|)erh  sy»tcm  is  revolving  around  tlie  sun  at  rest  in  tlu- 
middle,  or  whether  the  whole  system — «un,  plimets,  and  all — is  not 
moving  on  bodily  through  epsoe. 

Ilerschel  was  the  first  to  solve  this  noble  problem  ;  he  diaooveml 
that  our  sun  and  all  the  splendid  retinue  by  which  it  is  attended  are 
moving  bcdily  in  space.  He  not  only  discovered  thin,  but  be  aacer> 
toined  the  direction  in  which  the  system  was  moving,  as  well  as  the 
velocity  with  which  that  movement  was  [>vrforiiieil.  He  lias  shown 
tiiiit  the  KUR  and  his  system  is  mw  riipi>()ly  hastening  towards  a 
certain  point  of  the  constellation  Uerculc*.  1lie  ve!<jcily  wilii 
which  the  motion  ia  performed  currcsponda  to  xXto  magnitude  «( 
the  aysti'm :  quicker  than  the  swiftest  rifle-bullet  that  was  ever 
lired,  tii«  sun,  bearing  with  it  the  eiuth  and  all  the  other  planvlf, 
0  c  2 
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is  now  sweeping  onwards.     We  on  the  t-arth    participate  i 
motion.      Kv«ry    bslf>I)our   we   arv    aliout     ten     tliousai 
nearer  to  tlie  constellation  of  IKtcuIm  tliua  wo  would 
if   the  solar  eystem   was  sot  iinimaled   by  this   motiock 
are  proceeding  at  this  stupeodon*  mto  towards   Hercu)«,j 
at  firHt  be  i^upposed  that  we  ouffht  soon  to  f^-t   there  ;   bat 
tanc^B  of  the  gtars  in  Hercules  nro  enoTmouKly  ^reat,  as 
of  the  stars  elsewhere,  and  we  may  he  ccrtiiin  that  the  son  i 
system  muat  travel  at  the  present  rate  fur  fur  more  than 
years  before  M-e  have  crossed  the  abytit  between  our  present  j 
and  the  frontiers  of  Hercules. 

It  remains  to  explain  the  method  of  reawoning^  which 
adopted,  by  which  he  wn*  able  to  make  thin  great  diBCovw) 
may  sound  strange  to  hvjir  that  the  <lt;t«ction  of  the  motk 
Bun  wiis  not  miidc  by  looking  at  the  sun  himM.df  ;  all 
vations  of  the  sun  with  all  the  telescopes  in  the  world  wot 
tell  us  of  thnl  motion,  for  the  simple  reason  that  the 
whence  our  obsiTrvutions  must  be  made,  partiuipatea  10, 
passcnf:;er  in  the  eabin  of  a  ship  usually  becomes  aware 
ship  is  moving  by  the  rvu(>'lint!SH  of  the  sea;  but  if 
perfectly  culm,  then,  thotig-h  the  Inhles  and  chairs  in 
are  moving  as  rapidly  as  the  ship,  yet  we  do  not  aco  them  : 
becauite  w«  are  also  travelling  with  the  Hhip.  If  we  ooul 
out  of  the  cabin,  nor  look  out  through  the  windows, 
never  know  whether  tlic  ship  was  moviug  or  at  rtfit :  nor 
have  any  idea  as  to  the  direction  in  which  the  ship  was  ^ing 
to  tlie  velocity  with  which  that  motion  was  performod.  I 

The  sun,  with  his  attendant  host  of  planets  and  satelUtea 
be  likened  to  the  ship.     The  planets  may  revolve  around  j 
just  as  the  passengers  may  move  about  in  the  cabia,  bt 
passengers,  by  looking  at  objects  on  hoard,  can  never 
the  ship  is  going  to,  so  we,  by  merely  looking  at  the  1 
other  planets  or  members  of  the  solar  system,    eun 
whether  our  system  as  a  nhole  is  in  motion. 

The   conditions  of   a   perfectly   uniform    movement 
lierfcctly   calm   m«  are  not  often  fulfilled   on    the    wat 
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ailiicli  wc  arv  acquttmt«(]|  but  the  course  of  the  san  and  his 
[nyKU-m  is  untroubled  by  any  disturbance,  so  that  tht^  miijcstio 
[progrRiiK  is  conducted  with  tlic  most  abeoluto  uniformity.  We  feci 
iu>it)i«r  the  rolliog  nor  tho  pitchinj;,  ncith<>r  thu  joIt«  nor  tho  ratlJe 
at  mnrhincry,  which  Apprise  uu  of  motion  in  the  ithip ;  ami  iin  all  iht 
phrnclx  nrt-  travelling;  with  iin,  n-e  can  ^et  no  itiforniutioii  from  them 
UK  to  the  common  motion  by  which  the  whole  aystem  in  animated. 

The  piuKcnf^rs  arc,  however,  at  once  ■|>priscd  of  the  ship** 
motion  ivlien  they  go  on  deck,  and  wlimi  they  Itiok  at  tiie  sea  sur- 
rounding tlietn.  Let  us  Huppose  that  their  voyaj^  ia  nearly  aoeran* 
pliflhed,  that  the  distant  land  ap]>ears  in  Bight,  «n<l,  as  eveninir 
approaches,  the  harbour  is  discerned  into  which  the  ship  is  to 
enter.  Let  as  suppose  tliat  the  harbour  has,  aa  lb  often  the  case, 
a  itarruw  entrance,  and  that  its  month  is  indicated  by  a  light- 
hoii»e  on  each  nide.  When  the  harbour  is  still  a  long  way 
(ilT,  nrar  the  honion,  the  tno  ll^htA  are  Mvn  cIoM  together,  and 
now  that  the  evenint;  has  closed  in,  and  the  night  has  become  qnite 
dark,  these  two  lt|;hts  are  all  that  ia  visible.  While  llie  ship  is 
still  some  miles  from  its  destination  the  two  lights  look  clow 
together,  but  as  the  distance  dccneasoi  lite  two  lights  oi-rm  to  open 
out ;  gmdnally  the  ship  gets  nearer  while  the  light*  are  stilt  open- 
ing, till  litially,  wh(>ii  tlie  ship  enters  the  harbour,  iniitawl  of  the 
two  lif^htH  being  directly  in  front,  as  at  the  commimcemenl,  one 
»f  the  lights  is  pasacd  by  on  the  right  hand,  while  tlte  other  is  simi- 
larly found  on  the  left.  If,  then,  wc  are  to  discover  the  motion  of 
the  solar  system,  we  must,  like  the  |Hua»enger,  look  at  objects 
unconnected  with  our  system,  and  learn  our  own  motion  by  their 
apparent  movements.  But  are  there  any  objects  in  the  heavens 
unoonneeted  with  oor  system  ?  If  all  tJi«  stars  were  tike  the  earth, 
merely  the  appendages  of  our  sun,  then  we  never  could  discover 
whether  we  were  at  rest  or  whether  we  were  in  motion :  onr 
system  might  be  in  a  condition  of  absolute  rest,  or  it  might  be 
hurrying  on  with  an  inconceivably  great  velocity,  for  anything  we 
could  tell  to  tLo  contrary.  But  tJi«  start  do  not  belong  to  tlie 
system  of  our  sun  ;  they  are,  rather,  suns  tlicnselvea,  and  do  not 
revcignise  the  sw^y  of  our  son,  aa  this  sNftii  it  obliged  to  do.     The 
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stars  will,  tbercforv,  aet  u  tlic  «xtemitl  objects  bjr  wh: 
tost  whether  our  fyitU'ni  is  royaging  throufrh  »paca. 

With  \\w  Fturw  u  our  beacoDs,  what  ou^lil  »-e  to  ex 
iiyst«ni  he  really  in  motiun  ?     R«iiN-inWr  ihiit   when   the 
apprcMU:hing  tlie  harbour  the  lights  f^u<liiAlly  opened 
right  aoi]  loft.     But  the  astmnomer  haa  aUo   lif>hts  hy 
van  olwervc  the   navigatiou  of  that  vast  crmft,  our  ao! 
and  these  lights  will  iudieate  the  path  along  which  be  is 
our  aolar  dysteui  be  in  motion,  we  should  expect  to  find  Ui 
stars  were  gradually  spreading  awuy  from  that  point  in  tiu 
towardn  which  our  motion  tends.      I'liie  is  pracisely  w 
fiiiil.     The  etara  in  the  constellations  are  graduully  spread 
from  a  central  point  in  the  constellation  of  Ilvrcales, 
wo  infer  that  it  is  towards  Herciiivs  that  the  motion  of 
system  is  directed. 

There  is  one  pjeat  difliculty  in  the  discussion  of  this 
H»ve  we  not  had  occasion  to  ohserv't-  that  the  atar«  tbeoi: 
in  actual  motion  ?     It  seems  certain  that  all  the  titRrs,   i 
the   suD   himself   as   a   star,  have  each  an    individnml    t 
their  own.    The  motions  of  the  stars  as  we  aee  tbvm  h 
apparent  ns  well  as  partly  real;  they  partly  arise   from 
motion  of  each  star  and  pi'tly  from  the  motion  of  the  ».iiu, 
we  partake,  and  which  ]>r<iduocs  an  api)an>nt  motion   nf 
How  arc  thew  to  he  diKuriuiinaltHl  ?     Our  telescope*  and 
vatioDs  can  never  cfTcct  thin  decviu  punt  ion  directly.      To  at 
the  analysis,   Herschcl   rtvorted   to  certain  geonictriL-a) 
His  materials  iii  thitt  time  wen>  but  si'aiity,  btit  in  his  baa<L 
proved  adei^uale,   ami  he  huidly  announced  his  di 
movement  of  the  folar  syNt^^ra. 

So  nuijcatie  an  unnouuwmcnt  demanded  the  acverest 
the  most  rolined  nirtronomical  resouroea  eould  aui^g^t. 
a  certain  [towi-rful  and  Nublle  niethod  which  asinnitiniers 
viTort:  to  intcrpri't  nature.     Bixhop  Butler  has  said  that    p: 
ia  the  guide  of  life.     If  we  wish  to  see  this  ni&xim  npn 
loigical  ])erfevtii>n,  we  must  visit  the  Ktudy  of  a  malhotnotic 
bo  is  discussing  a  problem  like  that  now  before  us.     11; 
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notion  of  &  ctar  ha*  to  W  <Ii-<s)m|>cMiixl  into  two  pouts,  one  real  and 
ttu.-  other  apparent.  Wb<-n  Hcvoral  utmn  aro  taken,  we  may  conceive 
BR  infiiiite  iiunibc-r  of  waj'a  into  which  the  Dioveinent«  of  each  star 
taui  Iw  «o  dccontpoMed.  Ka«h  one  of  thm-  conceivable  divisions 
will  liuve  u  certain  element  of  probability  in  its  favour.  It  is  the 
.  bnnncM  of  the  mathematician  to  determine  the  amount  of  Hat 
probubllit)'.  The  uwc,  then,  i*  ns  follows  : — Amon^all  the  various 
•ysU-m*  one  miml  he  (rue.  We  nuiiiot  lay  our  fint^r  for  certain  on 
the  true  one,  hut  vre  van  take  that  which  has  the  hij^hesl  decree  of 
probability  in  ita  favour,  and  thua  follow  the  pr«cept  ot  Itutler  to 
which  we  have  already  referred.  A  mathematician  would  descrilM) 
hill  proceM  by  calling  it  the  mHhud  of  Iriiitt  squares.  We  do 
not  i»y  that  Ilerachel  employed  tJic»e  reliuemonlc.  Indcvd,  Sir 
William  Ilerachel  waa  not  a  mathematician  in  the  extei>drcl  sense 
of  the  word,  and  he  employed  methods  which  would  not  he  sufli- 
eiently  ca[HiciouB  to  deal  with  the  ample  mati-rialu  now  accumulated. 
Since  Ilerschel's  discovery,  one  hundred  yeara  ng",  many  a  mutlte- 
matician  uaing  ol»ervations  of  thoUMnda  of  stars  hait  attacked  the 
ennw  prohlem,  Tlie  »tani  in  the  northern  hemisphere  have  Wen 
discuswd  with  fur  greater  completeness ;  the  stars  in  the  southern 
Itemisphere,  which  Henchet  knew  not,  have  lie<m  made  to  bear 
ilieir  testimony.  Tlie  stars  which  move  quickly  have  been  interro- 
j^ted,  and  hh  have  tlie  stars  which  hardly  move  at  all.  Mathe- 
maticians have  exliausted  e^'ery  refin4!ment  which  the  tlieory  of 
probabilities  can  afford,  Intt  only  to  establish  conclusively  the  truth 
of  that  splendid  theory  whidi  seems  merely  to  have  been  one  of 
the  fbshi'd  of  llersehel's  genius. 

We  thus  learn  tliat  our  whole  system,  comprtsing  the  sun  in 
tlie  centre,  with  the  planets  which  circulate  around  the  sun,  the 
comets,  and  the  incredible  host  of  minut«  bodiea,  are  all  together 
iKiund  on  a  stupeiwlous  voyage  through  the  rralnia  of  space.  The 
progress  of  our  sun  is  marked  by  the  dignilti'd  solemnity  worthy 
ot  so  majestic  a  body.  The  sun  m|uin-B  alatost  two  days  to  move 
through  a  length  rtiual  t"  his  own  diameter.  Kvfry  two  dsys  the 
solar  syst4.'m  aeoomplishtw  astagvof  aUmt  a  milliuu  miles  in  its 
journey  towani*  the  coostellatWD  of  Murculw. 
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A  Now  DopaTtnKret  of  gdmo    The  liatoriiLls  of  Uie   Henvenly 
of  ElnnMilary  Bodiw^Chemiotl  Annlynu  uud   Siawtroaciitic 
Ctmiposit"  Nktum  of  Ligbl — Wlion«- t.'oloota? — Thn   ItAJntiow 
Pawkgo  of  Light  Uunugb  a  Priimi— Iilcnlifiintiixi  ut  MvlaJ*  by  tbo  : 
emit  when  lauuulMiccnt-'Tbv  gtvU  ni«00Tnry  of  th*   Iiiontitjr  of 
with  fiodium— Th*  Dark  l.inra  in  Ih*  Solw  Spoetiuai   Inti 
prniNmt  in  tho  San— Examination  of  Ugbl  Irani  the  Moon  or  Um 
rrominoncM  Hirrouniling  the  i^un — I'butuKnpha  of  Spoctn — Jli 
Iho  Motion  of  thu  t\Ut*  aIhiik  IIii-  I.ini'  of  Siitbt. 

The  revelatinne  <)f  the  ajiectroecopv  form  an  itn)»ortutit  < 
modern  ecieace.     &y  tU  aid  a  mighty  stride  has  bovn 
attempt  to  comjirehcnd  Hint  vlikboriiU!  Bjrstom  of   Kuns 
bodies  wliich  adoru  tho  skies. 

The  subject  is  widely  dissimilar  to  those  braiiuhus  of 
which  had  been  previously  cultivated.     The  discovvriee 
astFonomere  hiid  lAU^ht  us  how  the  iMrth  revoIvcR  arouml 
Wo  bavG  bi'cn  tot<l  liow  the  distances  of  lliu  diffei-uut   Ux 
io  he  meiiMired,  mid  haw  their  sixes  wrre  foutiU.      Alore 
f)d  still,  the  older  astronomy  narrat^Hl   how  wo  could  w4 
Ifudy  iti  the  heaven*  against  another.      We   kni'w   iliat 
stunoe  of  which  the  itun  wa«  ninde  glowe<l  with  iutiinsu  be 
we  could  not  tell,  we  had  no  mean*  of  telliDf;,  what  waa  tl 
uf  that  Biibstaiii-e.    To  this  the  old  aatTononiy  oould  render  at 
whatever ;   and,  indeed,  half  a  oetilury  ut;n  it  would   Iinv! 
thought  incredible  that  such  a  question  eonid  be  uiiswi-rud. 
he  the  ease  with  regard  to  the  euQ,  what  are  we  to  say  i>f 
and  still  less  known  bodies  of  the  heavens  ?     What  u   tlia 
nature  uf  lh«  other  planets?     What  are  the  subKtancee 
the  stars,  and  in  thuse  dim  nebulie  n-htcli  lie  on   iliu 
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t)ic  visible  tinivcrec  ?  It  in  tin- triiim|ili  of  modem  astronomy  to 
have  BfTonlwl  nn  answer  to  IIh-ko  quvHtinnit:  Dot,  indeed,  with  nil 
thv  fulmws  timt  mifrJit  be  dtiiiivd,  and  that,  iterhaps,  muy  yet  be 
I'xpect^rd ;  tmt  Htill  tlicy  have  been  answered  in  tome  degree,  and 
Uie  reituttH  are  of  groat  intcrettt. 

Let  na  firat  miinciat«  the  problem  in  a  dL-linitc  «hspo;  and  hen.- 
we  muat  call  in  the  aid  of  chemistry  to  enable  w  to  obtain 
diatinct  views  on  the  siibjet-t.  What  are  we  to  undtrnttaiid  by  tliu 
I  nlMtancea  oF  vhich  the  sun  is  coinpoeed  ?  What  do  wc  ev<*n  mean 
by  the  substances  o(  which  the  earth  is  oompoacd?  At  a  first 
glance  we  would  say  that  our  globe  is  compoeed  of  rocks  and  clay, 
of  air  and  water,  but  the  chemist  will  etrive  to  render  our  ideas 
more  accurate.  He  shows  us  how  rocks  are  composed  of  certain 
other  Bobfitances,  which  he  calls  dements,  and  the  elements  an* 
siilwtances  which  he  cannot  docompoM  into  anything^  else.  He 
will  also  tell  us  how  the  air  is  composed  of  two  elementary 
eubstanoi>B, oxygen  and  nitroffrn,  mingled  together;  and  Iww-  water 
is  eompo64'd  of  oxygen  and  liydrof!i-n  in  a  state  o(  oombination. 
The  chemist  pursuea  his  analysis  throtiijb  every  solid,  lti|iiid,  and  gas 
lit)  tlic  globe;  he  decomposes  animal  or  ri-getable  subetanocB  into 
their  elements,  and  the  outcomo  of  bis  laboura  is  h>  demonstrate 
that  every  particle  of  matter  en  our  globe,  or  in  the  atmonpliere 
siirrtjundiiig  it,  is  cimpcMt)  of  one  or  mon'  elementary  b'Mlie*,  iu:d 
that  the  whole  number  of  Mueh  elementary  Ixxliuti  i^  about  Mixly 
or  rather  more.  The  elementa  may  be  aolids,  like  iron,  or  gold, 
or  oarboD;  or  they  may  Im  gasrs,  like  oxygon,  or  hydrogen,  or 
nitrogen.  Many  of  the  elements  are  extremely  mre.  About 
twenty  of  the  more  ordinary  ones  are  all  that  Deed  euticern  us 
at  present. 

We  are  now  enabled  to  state  B  ipeoial  problem  of  modem 
astronomy.  Are  these  elements  of  wbicfa  the  earth  is  coni[>u«r>I 
peetiliar  to  tlic  earth,  or  are  they  found  on  the  other  IxNlies  which 
t«eRi  throughout  s))ac«?  Tike,  for  exutnple,  tJie  most  abundant 
of  all  metals,  iron,  which  exists  in  rich  prufuaion  near  the  nurfan' 
of  the  cftrlh,  and  which  exista  inrrhape  in  Ho  less  abundoiH-e  in 
tbe  interior  of  tbe  earth.    Is  iron  a  product  limited  to  this,  our 
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^lobe?  or  doM  it  enter  into  the  composition   of  othrr 
the  uniranie?    This  \*  one  of  the  qui-iitiunK  u-hivli  mudcr 
has  aanHcitHl.     How  that  answer  hua  Xntcu  ^ivuti  it  ut 
of  this  chn])t«r  to  unfold. 

Quite  a  nftw  ])hase  oX  aBtronoiny  is  bere  opvnvd  op. 
telescopea  rermled  faint  objecbi,  and  ahowt>d  tlio  fvstur 
which  BmutI  telesoopcs  on)}'  showed  dimly,  hut  lill  tlie 
iu  the  world  would  not  answer  the  tjueation  as  to  whe 
was  found  in  the  sun.  A  totally  dietinct  brttuch  of  inqiBI 
necessary,  which  is  known  as  spectium  analyiiix.  We 
expect  to  actually  aee  iron  in  the  sun.  The  aun  is  it»elf 
glowing  globe,  infinitely  hotter  than  a  Bessemer  coovt 
Siemens  Cumaee  ;  if  iron  is  in  the  sun,  that  iron  is  not  ot 
hot  and  molten,  but  actuiilly  driven  off  into  va|>(itir ;  but 
iron  is  not  distiiigiiishnble.  How  would  you  n;c4if<^i8e  it 
would  you  know  it  if  commingled  with  the  vajntur  of  muij 
metals  or  olher  substances?  It  is,  in  truth,  a.  delicate  pi 
analysis  to  dimei'iminntc  iron  in  the  glowing^  atmoKphure  of 
But  the  ■pcetroHcopc  is  adequate  to  t}i«  task,  and  it 
analysis  with  an  evidence  that  is  absolutely  convincing. 

Wide  indeed  is  the  gulf  which  separates  tliia  branch  nf^ 
from  those  to  whiob  chemists  were  formerly  restriirtvd.     T( 
a  body  in  the  old  fashion,  the  chemist  must   linve   a 
that  body,  and  then  by  his  re-agents  and  his  t<*itt  tiibea, ! 
(k'termino  what  the  body  contained.     But  how   i>i  the  v\ 
procure  a  sainplc  of  the  sun?     He  can  never  procure 
of  any  Vxly  external  to  the  earth.     Ho  doubt,  in   the 
a  body,  nhicli  we  call  a  meteorite,  falk  to  the  earth,  we  e^ 
can  ciibniit  to  chemical  noulvfiis  un  iK'tual  rragmeut  deril 
external   Kpace.      It  is  a  matt«r  of  wignificanctf    to    tA 
when  ft  chemist  analyfios  a   meteorite,  he   Bn<U  in    it 
with  which  he  in  not  alrwuly  familiar;   nay,  mther,   h« 
by  the  remarkiihlo  fact    that   while  ni-arly  all    liiet<>(intt 
iron,  some  are  almost  entirely  composed  of  that  widely  di 
metal.     \Vc  cannot,  howovur,  for  the  reasons  set  ftirth  it 
XVII.,  draw  any  reliable  conclusions  fivin   tnctvoriU* 
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ooiutituenU  a{  bodies  ext«rior  to  tlie  earth.  In  our  attempt*  to 
nnnljR-  llw  win,  the  moon,  llw  plniiets,  or  the  aiatn,  we  are  thert-- 
tore  ileiirivMl  of  tliv  onlinsry  resources  of  oheniUtrjr.  To  d«l  wilh 
the  problem  a,  new  bmnch  of  itciunee  has  been  created. 

Wliitt  wo  reevive  frvm  the  Hun  is  warmth  and  light.  The 
intenftely  heated  inaMt  of  the  sun  radiates  forth  its  beams  in  all 
directions  with  boundless  pnxligality.  Each  beam  we  feel  to  he 
warm,  and  we  st^e  tti  be  brilliaatly  white,  but  a  more  euhtle 
analysis  than  mere  fcelinf;  or  mere  vision  is  required.  Koch 
sunbeam  really  bears  indelible  marks  of  its  ori^.  These  marks 
am  not  visible  until  a  special  process  has  been  applied,  but  then 
the  sunhi-ani  can  be  made  to  tell  iU  story,  and  it  will  disclose  to 
us  the  nature  of  the  sun's  constitution. 

We  speak  of  the  sun's  light  as  colourless,  just  as  we  speak  of 
water  as  tasteless,  but  both  of  the«o  oxprrssions  relate  rather  to 
our  own  feelinf>8  than  to  anylhinf*  really  characteristic  of  water 
or  of  sunlight.  We  rcf>an]  llie  sunlight  as  colourless  because  it 
forms,  as  it  were,  the  background  on  which  a1)  other  colours  are 
depicted.  The  fact  is,  that  white  is  so  fnr  from  being  colour- 
less, that  it  contains  every  hue  known  lo  us  blcnde<l  togetlicr 
in  certain  proportions.  Hie  sun's  light  is  really  extremely  com- 
posite; Nature  herself  tells  na  this  if  we  will  but  give  her 
the  slightest  attention.  Whence  coine  the  beautiful  hues  with 
which  no  are  all  familiar?  Look  at  tlic  lovely  tints  of  a 
gurdi-n;  the  red  of  tlie  rose  is  not  in  tJ>e  ro«e  itself.  All  tJ»c  row 
does  is  to  grasp  the  sunbeums  which  fall  upon  it,  extract  from 
thcwe  beams  the  red  whteh  is  in  ihem,  and  m^liate  llwt  red  light 
to  our  eyes.  M'cre  tlwre  not  red  rays  commingled  with  the  other 
rays  in  the  sunbeam,  there  could  be  no  red  rose  to  be  seen  by  sun- 
light.  This  point  is,  in  fact,  well  known  in  ordinary  conversation  ; 
a  lady  will  often  say  that  a  dma  which  looks  very  well  in  the  day- 
light doi>8  ntit  answer  in  tbe  evening.  The  reason  is  that  ibc  drcM 
is  intended  to  show  certain  ooloars  wliiuh  exijit  in  the  suul^ht ; 
hut  these  colours  do  not  exist  to  the  same  degree  in  gaslight,  and 
conec<iucntly  the  dress  has  a  different  hue.  The  fault  is  not  in  the 
dress,  the  fault  lies  in  the  gas ;  and  when  tbe  electric  light  is  used, 


it  Miiiilti  forth  bcamn  more  nearly  reitcmblin^  thoxc  fmn 
and  the  <;<ilutirK  apfiour  nyinin  with  till  llunr  inten<]«d  iKMiuty. 

The  moat  glorious  lutural  indication  of  tht^  nntDro  of 
li^ht  i^  ai^en  in  the  ratnhow.     l\«Tt<  lh«  siiiiboainx  arc  rrfnto 
reflected  from  the  tiny  globes  of  water  fallii>^  ax  rain-4fi 
tJie  clouds;  these  convey  to  tis  the  minlight,  und  in  doing! 
compose  the  white  beamo  int<o  tlie  neren    primary   coloui 
orange,  yellow,  gn-en,  blue,  imligo,  and  violet. 

The  bow  set  in  the  cloud  i«  lypteal  of  that  grent 
of  modern  science  which  we  diwiiwi  in  this  chapter.     The ! 
of  wftter  decompose  the  solar  b«*ii»;   and  we   follnvr  th«] 
suggested   by   the   niinbavr.   and   analyze   the    sunlight 
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conGtitw>titfl.     Wo  are  enabled  to  do  this  with  scientifio . 
when  wc  employ  that  ndrairablo  invention,  tke    Kpectrc>iic«>|i 
bcuns  of  white  ttunligbt   renlly  c-onHot  of  innuinerahlc 
every  hue  all  commingli'd  together.     Every  ^hadt*  nf  rvd,  of  j 
of  bine,  &nd  of  green  enn  bi<  found  in  n  ennboam.     Tho  mi 
wand,  with  whidi  we  can  strike  the  ranbeam  and   inittar 
ont  into  iierfcct  order  the  tJingled  Kkein,  is  the  nimjilti  ir 
known  ac  the  gltuM  prism,     ^\'e  haw  nrprescntud  a    nrisi 
aimplcrt  form  in  the  adjoining  figure  (Kig.  82).     |t  ja  a 
pure  iiiid  homogeneons  glass,  ground  »nd  polished  lo  the  sbi 
wedgo.     When  a  ray  of  light  from  thi-  nun  or  from  uuy  auti 
u|)on  the  prism,  jt  passes  through  the  tninsjurcnt  glawi  andi 
on  the  other  side;  a  remarkable  change  is,  huwuvcr,  itni 
the  my  by   the    influence  of  the  gln^t.     ]t  is    bent    hy 
from  the  path  it  originally  pursued,  ami  it  is  coin)H*l)c>d 
n  dilTen-nt  puth.     If,  howevei*,  the  primn  bent    lUl    ruya 
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Dqually,  then  it  would  bo  of  do  serruw  in  the  analysis  of  li^hl; 
Imt  it  furtuDittely  happens  that  t!ie  prism  a^U  with  varying 
<  eSkicnt^y  on  the  rays  of  differeot  huee.  A  nn]  ray  is  not  refractvtJ 
so  much  as  a  yellow  ray;  a  yellow  ray  is  iint  refra«t«d  so 
much  ua  a  blue  one.  It  consequently  happens  that  when  the 
conipoaite  beam  of  sanlight  in  which  all  tlie  different  rays  air 
blended,  passes  through  the  prUm,  they  emerge  in  the  manner 
ehonn  in  the  annex*^  figure.  Here  then  we  have  the  source  of 
the  analysing  power  of  the  prism:  it  bends  the  different  hue« 
unequally,  and  conse<)uently  the  beam  of  composite  sunlight,  after 
passing  through  the  prism,  no  longer  shows  mere  white  light,  but 
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f^K.  83.— Dlnf-wMon  ot  IJgU  by  iho  Priun. 

is  expanded  into  a  coloured  baud  nf  light,  with  hws  tiki'  the  rain- 
bow,  passing  from  deep  red  at  otw  oud  through  every  intermediate 
;  gmde  to  the  viok-t. 

We  have  in  the  piism  the  means  of  deoompoaing  the  light 
from  the  sun,  or  tlie  light  from  any  other  source,  into  its  com- 
ponent i>art«.  The  examination  of  tlie  quality  of  the  light  when 
analysed  will  often  enable  ua  to  learn  something  of  the  constitution 
of  tlic  body  from  which  tliis  light  has  emanated.  Indeed,  in  some 
simpli'  case*  Uie  mere  colour  of  a  light  will  be  sufficient  to  indicate 
the  Kourcv  from  which  the  liglit  has  conic.  There  is,  for  iiMtance, 
■  •plenilid  red  light  sometimes  seen  in  displays  of  lireworka,  due 
to  the  metal  strontium.  The  eye  can  at  oneo  identify  the  eleineot 
by  the  mere  colour  of  the  ftamr.  llivre  is  also  a  very  charade ris lie 
jrdlow  light  produced  by  the  llame  of  oumraon  salt  honied  with 
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iipirits  of  winf.     Sodinm  w  the  iDiportant  cnnntitaptit 
here  we  can  recogniae  another  Bubstanoe   mctTly  by 
cmiu  when  burning.     We  m»jr  also  meiitiun    n   third 
Diagiiesium,  which  buroe  with  a  hrilliant  whi(v  lig^it, 
chai-jcleristii;  of  the  metal. 

The  three  metals  tttrontium,  sodium,  and  iniigttt 
to  he  identttied  by  the  colours  they  produce  tvhra 
In  this  Hiraple  observation  lies  th«  t^rm  of  the  modem 
research  known  as  spectrum  aDalyeis.  Vfe  exarainu  with  tl 
the  culnurs  of  the  sun  and  the  i.'olours  of  the  stiirx,  aod  ft 
examination  we  enn  leant  something  of  the  D)iit<-rtiiU  wl 
into  tbeir  composition.  When  we  study  the  aiinli^t  tl 
prism,  it  is  found  that  the  coloured  band — or  the  »pectrai 
called— does  not  extend  continuously  from  one  end  to 
hut  is  shaded  over  by  a  multitude  of  dark  liiics,  a  fei 
which  are  shown  in  the  adjoininf*  pkt«.  llieae  lines 
tnanent  feature  in  the  spectrum.  Thi-y  are  as  charurtcrii 
sunlight  as  the  prismatic  colours  themselves,  and  full 
and  of  information  with  regard  to  the  sun.  TheM*  li)i«« 
the  characters  in  which  the  history  and  the  nature  of  t) 
written.  Viewed  through  an  instrument  of  adtnjaate 
lineR  are  to  he  found  crossing  the  solar  spectrum  in  hutw 
in  thousands.  They  are  of  every  variety  of  strength  and  lak 
their  distribution  seems  guided  by  no  simple  law.  At 
of  the  spectrum  there  are  but  few  lines ;  in  other  refj^oiu] 
crowded  so  closely  together  that  it  i«  difflntlt  to  sepamte  thi 
are  in  some  places  so  exquisitely  fine  and  deltcat«, 
never  fail  to  excite  the  admiration  of  eirmy  one  who  lool 
intereatinf;  spectacle  in  a  good  inelrument. 

Tl»ere  tan  be  no  better  method  of  exjxiundin^  the  rathe 
subject  of  spectrum  analysis  than  by  actually  following' 
of  the  ori^nal   discovery  which  fintt  gave  a  olenr  titrmc 
of  the  sig-nifioance  of  the  lines.      Iict  U»  Concenlmte  our  •( 
spflcially  ii]vin  that  line  of  the  ralar  spcctnioi  markod  d. 
when  seen  in  the  spectroscope,  is  found  to  consist  ot  two  U 
delieotely  sciurated  by  a  minute  interval,  one  (^  theaw 
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^tll^htly  darker  than  the  other.  Suppose  that  whi)fl  the  tttention 
M  concentrated  od  th«se  Hdm,  tite  flune  of  an  onlinary  sptnt-laoip 
coloured  hr  common  mit  bu  h«l<l  in  front  of  the  instrument,  so  thai 
th«  nty  of  <Iirect  and  brillumt  soUr  li^ht  piuwcn  tliront;h  the  flami- 
before  cntcrint;  th«  intttrument.     The  oW-rver  sees  at  onco  tlic  twn 

C-linM  known  na  D  ClatU  out  with  a  gmlljr  increoMd  blueknMM  sml 
vividncM,  while  there  is  no  other  percept ibU-  efTeet  on  tli«  Kpoctnim. 
A  few  trial*  show  that  this  int<fntiifyin(»  of  ihr  n  lini<«  is  <!m;  to  (Ih- 
vapour  of  soiiiiim,  unGint;  fn^m  the  wit  burning  in  the  lamp  throuj^li 
which  tbo  sunlight  hu  [xmHed. 

It  i*  <[uit4.'  iinpossiblt!  that  thia  marreilou*  connection  between 
Rodiuin  mid  the  D  lines  of  the  speetrum  can  he  a  merely  casual 
mattrr.  J'lvcn  if  there  were  only  a  single  line  concerned,  it  W'>iikl 
bo  in  the  hifjhest  degnn*  nnlilcely  that  the  coincidence  sltould  aritu' 
by  accident;  but  when  Wf  find  the  8r>diuiD  affect i Of;  biith  of  the 
two  close  lines  which  fiirm  D,  our  conviction  that  there  must  be 
some  profound  <^innection  between  these  lines  and  sodium  rises  to 
absolute  certainty.  Suppose,  now,  that  the  ninlitj^ht  be  cut  off, 
and  that  all  other  light  l>«  exeludcd  save  tltat  emanating  from  th<- 
glowing  va[>our  of  sodium  in  Ihe  spirit  Hame.  We  shall  then  lind, 
on  lookinjr  through  the  spectroaoope,  thut  we  have  no  longer  all 
the  colours  of  the  minlmw;  the  light  from  the  sodiom  is  now 
couce  lit  rated  into  two  bright  yellow  lines,  filling  precisely  tlii* 
position  which  the  dark  n  lines  occupied  in  the  solar  spectruni, 
and  the  darkness  of  which  the  sodium  flame  seemed  to  intensify. 
We  must  here  remove  an  apparent  paradox.  How  is  it,  that  though 
the  soiiiam  llamc  produce*  two  bright  lines  when  viewed  in  tlu- 
absence  of  other  light,  yet  it  actually  appears  to  intensify  tbf 
two  Hark  lines  in  the  sun's  Bpcotrum  ?  The  explanation  of  this 
oonducts  us  at  once  to  the  cardinal  doctrine  of  spectmm  analysis. 
Tiw  »o-called  dark  lines  in  the  solar  spcclrum  are  only  dark  bi 
eoHlfiul  with  the  brilliant  illnuiiiiation  of  the  rc4t  of  the  spectrum. 
A  good  de«l  of  solar  light  really  lies  in  the  dark  linm,  though  not 
enough  to  be  seen  when  the  eye  is  dn/xlcd  by  the  brilliancy  aniutul. 
When  the  flame  of  the  spirit-hunp  cliarged  with  sodium  interveoos, 
it  sends  oat  a  oertaia  amount  of  light,  which  is  entirely  loaliaed 
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ID  thf-BC  two  liiK-H.     So  fsLT,  it  wouM  seem  that  the  inflt 
sudium  flatiiL-  ought  to  be  inamfi-stixl  in  (liniiDisliin}j;  thi 
oF  the  liiH-s  and  rendering  them  li:»«  oonspicuuiu.      A* 
of  fftct,  they  are  far  more  coDepivuouK  with   the  sodium 
without  it.     This  arieos  from  the  fart  ttint   the-  sotlium 
soBscs  thf  remarkable  propprty  of  ctitting  off  tliu  aunhf 
was  on  its  wny  to  those  [xirtivuUr  liiwe;    and   thiw, 
■odium  contributcH  somv  light  to  the  liDrM  on  the  oue  baj 
lite  other  it  iiitvrwpts  n  fur  grcatvr  (juantity  of    the 
ivouUl   othirrwiKu   have   iliiiiniiiatvd    thoM    lines,    and 
became  dnrker  with  the  sodium  llani«  tliaii  without  it. 

Here,  then,  we  are  eoiiductcd  to  a  r«niiirknble   prindf 
hua  ]«[  to  the  inti-rpri'tatioii  of  thu  dark  linos  ia  the 
ihc  Kun.     AVe  tind    that  Kodium  vapour,   ivlivn    heated, 
light  of  a  vi>ry  purtieulurtyjw,  wliieU,  viewed  through  thi 
eonceiitrated  in  two  liiicn.     lint  the  sodiuut   vapour 
thiii  pi-opt'riy,  tliat  light  from  the  nuu  <-aa  ]>nss  throuc 
out  any  pereeptible  abBoq)tion,  tuive  and  exci^jit  of  thom 
rayi  which  are  of  the  Rami*  refraiigibilities  as  the  t\ 
(jueatiou.     In  otht.tr  wonU,  we  say  tluit  if  the  heata^l 
^ub&tance  gives  a  iijiectrum  of  bright  linen,  citrrcsjiundini 
iif  various  refraiigibilitica,  this  same  vapour  will  a«t  as 
screen  to  lig^its  of  those  special  refrangtkilitivs,  while 
tmnsparent  to  light  of  ovi-ry  other  kind.     Thia  w  a  iimtK 
little   oomplesity,   but   it   i&  of  eui'h   mouientoua    imi 
the  theory  of  spectrum  analysis  that   vre  cannot   avoid 
further  example.     Let  us  take  the  element  iron,   which 
striking  degree    illiistrateb   the   law   in    question.      In 
spectrum  some  hundreds  of  itio  dark  lines  are  known  to  ■ 
with  the  spectrum  of  iron.     This  correspondence  is   cxhij 
\Hvid    mnnncr    when,    by    suitable    tontrivanee,    the    lii 
electric  spark  from   jioles  of  iron  is  examined   in    tho    at 
simultaneously   with   the  solar  spectrum.     It   ean    hit   si 
hundnnls  of  the  lines  in  the  sun  are  identical  in  iMwitis 
lines  in  the  spectnim  of  iron.      But  the  spectrum   of  in>a~' 
described,  consists  of  bright   lines,  while  those   wiih    wl 
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nomparcd  in  the  sun  oonststs  of  dark  lines,  tbem:  dark  lines  i-jui 
I  be  completely  undprstood  if  we  Hupjjoee  tiiat  the  vai>our  arising 
tfo>m  infensely  heated  iron  be  present  in  the  atroospbere  which 
IsiirruundB  the  luminous  strata  on  the  aun.  This  vapour  woold 
I  then,  by  the  law  in  question,  stop  precisely  the  same  rays  as  it 
I  cinitfl  when  inundescent,  and  henoe  we  learn  the  important  hct 
l-tittt  iron,  no  len  than  sodium,  must,  in  one  form  or  another,  be  a 
I  eonHtituent  of  the  ^iin. 

t  Siic-b  is,  in  brief  outline,  the  celebnited  discovery  of  modem 
I  times  wbicb  hns  given  an  interpretation  to  tlie  dark  lines  of  the 
Inlar  spectrum.  A  large  number  of  terrestriBl  siibstanoes  have 
Fbeen  examiii«l,  in  conjiinetion  with  the  solar  n^ieclniin,  and  Uitis 
lit  has  Wrn  i.«tjiblished  that  several  of  thu  clemviits  known  on 
I  the  enrth  are  present  in  tlte  mm.  These  elomenta  are  m  follows  >— 
I  hydrogt-n,  soilium,  lumtini,  cal<-iiim,  ma^esiiiro,  alumimum,  iron, 
I  Bianpinesu,  chromium,  cobalt,  nickel,  xine,  copper,  titanium, 
f  oadmium,  stn;nt)um,  cerium,  nrunium,  leitd,  potassium. 

It  would,  indeed,  lead  na  hi  beyond  ihe  presi-ribed  limit*  of 
[  this  volume  if  we  were  to  attempt  to  give  any  detailed  acoonnt 
I  of  the  h<atitiful  researches  in  the  application  of  «])ectnim  annly«iit 
Lto  ustruDomy.  It  is,  however,  impossible  that  we  conid  mtin-ly 
IpMS  over  discoveries  of  such  interest ;  and,  therefore,  we  shall  give 
»  brief — tliou^h  it  must  be  a  very  brief — account  of  »ome  of  the 
|]nineip<il  [>oints. 

I  When  wc  apply  the  epectroscope  to  the  moon  <«■  to  the  planets, 
iwe  rccc^niae  in  the  lif>ht  they  ttend  u*  the  features  characteristic 
|:0f  the  >olar  lif;ht.  The  reflected  sunlight,  even  from  the  moon,  is 
jitot  bright  enotigh  to  show  all  the  lineit  that  can  be  seen  when  the 
Hon  is  eicamined  dirrvtly.  Ventw,  wlten  examined  with  enre,  will 
[probably  show  more  of  the  dark  lines  in  the  aolar  speetrum  thao 
[the  moon.  In  the  case  of  the  planctii.  also,  we  often  find  certain 
I  wlditional  line*,  or  bands  of  lines,  added  to  the  spectrtim.  These 
pines  have  arisen  from  the  further  special  absoriition  of  ranlight 
twhich  takes  place  tn  tbe  planef  s  atmosphere.  It  sliould  a:l»o  be 
hnentioned  that  some  of  the  lines  in  the  sohu-  spectrum  are  to 
Vbe  referred  to  the  absorption  in  our  own  atmosphere.  Tliis  &wt 
I  u  D 
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if   olearly   brouffbt  out   wh«n    tbi-    sun    ia   obi 
Eor  then  tbe  rays   have   &  vnet   depth    of   air    to 
accordiuglj-,  we  &ai  tbe  dtmoBpheric   bauds  to 
increased  vi\'idRts$. 

We  have  hitherto  spokun  of  the  light   from  tl 
attempting  to  distinguiBb  tb«  lig^bt   front   tbo  di 
the  sun.     The  spwlroscopc  can,  however,  Ijc   applied 
of  the  Eun  separately,  and  thus  it  has  been    possil 
remarkable  diSiTenccs  between  tUv  sjHwtru  of  the 
The  most  interMttn;;  dlsoovrry  miule  in  conuvclioa 
ject  \nx  that  accomplished  almost  simultaneously 
Lockyer,  wlitch  has  giveti  a  wide  i-xtcusieu    to  tbe 
Boliu:  obBervstiun.     In  our  eliapter  on   the  (tun  we 
tlio  very  n-nuirknble  objeets  known  m  the  sohtr  pto 
hecuine  risible  on  the  ntiv  oeewtions  of  a  total   eol! 
The  reinnrkabU  di«covery  just  nsforrvcl  to  di)H*lo«ed 
which  the  solar  prouinencee  couUl  be  ebiicrred  at  aav  til 
aid  of  the  six-etroacope. 

The  promintoocB  are  oompoiod  oT  glowing 
hydrogen;  au<l  the  light,  instead  of  beiu^  spread 
spuctrum,  like  ordinary  solar  light,  is  miunly  eonceo 
few  lines  which  constitute  the  spectrum  ot  bydrogtn 
spectroscope  is  dinvteil  around  tUc  edge  of  the  su 
ordinary'  difFuM>cl  sunlight  are  distribute*]  over  the 
of  the  spectrum,  nud  »re,  of  CMmBi  corresiKinditigly 
light  from  tlic  prominences,  being  all  conceutrated  int< 
tlicrefore,  relatively  increued  in  tnten«ty  to  auch 
they  become  visible. 

The  fint  line  ot  Plnte  XIII.  represents  the  goUr 
which  a  few  only  of  tbe  jmncipal  lines  ate  introd 
parison.  It  i»,  however,  to  be  understood  that  th« 
really  exhibits  lliousands  of  linM  witen  viewed  with  a  t 
adociuattf  power.  Among  the  varied  ■i>ectra  of  tlio  i 
types  have  l»©en  reoogiiiiwd,  the  diaraeterislic  features 
also  dejiicted.  The  lirst  ty|)c  of  stars  are  those  wliiok 
white,  of  which  we  may  take  Sirius  and  V<^  as  exam 
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tra  of  iheee  star*  there  are  cxiinparatively  fow  line*.  TIte  linea 
hydrogen  are  however  very  etrang,  l>ut  the  metallie  lines  of 
lium  und  magneBium  are  horely  perceptible.  The  presence  of 
liydro^n  in  the  atmosphcro  of  these  stars  has  been  eonfirmed  in 
la  very  remarkable  manner  by  the  photo^ra|ibd  of  the  speetra  of 
lifaese  stars  which  have  been  obtained  by  Dr.  Ilu^^as.  In  these 
I  photographs,  lines  can  be  seeD  in  that  part  of  the  spectrum  ia> 
I  visible  to  the  eye,  and  these  linM  nli9o  have  been  found  to  coineide 
I  with  lines  in  the  photographic  spectrum  of  hydro)>eii. 

The  second  type  of  stars  exhibit  spectra  closely  resembling  that 

[«f  the  sun ;  a  f>ooJ  illustration  of  this  type  is  found  in  the  star 

^Capelta.     Aldeb«nui  baa  also  a  spectrum  beloDgin<;  to  the  second 

tj'pe,  though  ver^ngon  the  thinl.    The  chief  hydrogen  lines  are  still 

[conspicuous,  but  many  metallic  lines  an)  coming  strongly  out. 

The  spectrum  of  a  Ononis,  or   Betclguczv,  exhibits  a  typical 
apcctrum  of  the  third  class,  which  contjiins  many  metallic  lioefl  and 
,  shaded  liands ;   but   the   moft  *--luir]icttfristic  feature  of   thia  type 
I  is  the  abMDoe  of  the  hydrogen  lines. 

Another  most  remarkable  achievement  in  spectrum  analysts 
been  accomplished  by  Dr.  Huggins  in  his  very  beautiful 
eovcry  of  the  spectroscopic  method  of  measuring  the  motion  of 
•tan  along  the  line  of  sight.  The  pkce  of  a  line  of  hydrogen,  for 
instance,  will  be  slightly  moved  to  one  side  or  the  other,  according 
as  the  star  tie  ap{>ri'>!K'hing  tlw  earth  or  rvcniing  from  the  earth. 
The  amount  of  ili»ptiiccuii-nt  is  very  small ;  tHit  in  the  («w  of 
several  stars  large  eiwugh  to  enable  oil  approximation  to  be  modo 
to  the  velocity  witlt  which  the  star  is  moving  towards  or  nwriuif 
from  the  earth. 

The  theory  of  thin  method  is  Iwoutifully  veritied  by  olwvrvatioDS 
on  tlie  Hun.  A«  the  eoateni  edge  of  the  sun  is  appnMUihiog  and  tho 
weateru  ia  receding,  (here  is  a  (iirresiionding  differeite^  in  tbe 
spectra  of  the  two  rdges,  and  the  olmervtHl  otnoiint  gives  a  ve!«cit]r 
of  rotation  jiraotically  coincident  willi  that  otlu-rwioe  ktiown. 
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ItitmntlTlQ  SUtnal  Objn  u— 8Uti  not  SeHbtmd  nniformlv- 
VuiotlM—TlM  Clartcr  to  F<Mcni»— The  Ololmlar  ciiuttt 
UiUcr  Wny— A   ClaMor  ed  Uinul«  RUn— Ncbnlw   dia 

NumWr  o(  known  Knhuln!— The  CoaMcUotioa  uf  OHon 1 

Gtoat  KnbulB—Tho  Wonderful   Slai  *  UriunU— The  Dmi 
NebiiLi  in  Lord  ttoam's  Teif—K*pv — PbntAKmph*  of  thw  W4 

Til'-  InijiorUiiw  o(  AocuMte  Drawiniti— 1'hfUrant  Syrrtry 1 

Ilmvitiui — StHgnitod*  of  Uip  NobnU — The  Quwitioti   »*   Cu 
Nebnln— I*  it  OMupwwd  of  Slon  az  at  Goa  ? — Ilow  Una 
— SpoolmMOpg  EnaiiiiBtion  ol  the  Kvhula— Tbo  OnM  Net 
— It*  BxsailiiAtioa  by   Uio  Sportronrapo — Tlw    Atiauhr   N^ 
ItMcmbkncn  to  Toitax    Rlngi — PUnotuy    N«bufau — Dr»« 
Itn'tiuiTlciljlr  Ncbulai — lK*luioe  of  NebulMi — Coodusion. 

Wi  have  already  mentioned  SattirD  aa  one  of  the 
t«leecopic  speciacles  m  tbe  hraveos.  Sottio^  aside] 
vlaimt;  oF  the  sun  and  of  the  moon,  l)icn>  an-,  perha 
obJL-cts  visible  From  these  1atilu<]«  which  rival 
splendour  and  the  intca-et  of  their  telescopic  pict 
these  objects  is  the  star  cluster  in  Hcnrulex ;  the 
great  nebula  in  .Orion.  We  may  tiiltc  these  ohjectte 
the  two  ^Tcat  classes  of  Inxlics  to  Iw  tliscusMxl  in 
under  tbe  head  oF  Star  Clnst4Ts  nixl  Nvlmtaj. 

The  stars  that,  to  the  number  oF  itcvcrtt]  nullious, 
sky,  are  not  scattcpwl  uniformly.  We  tee  that,  while 
are  compiirativcly  bnir  of  atunt,  olhen  contain  starv 
Somctimew  wv  have  a  timall  group,  like  the  Pleiadee ; 
have  A  *tupon<]oiui  region  oF  the  heaTeu  ttrowu 
in  the  Milky  Way.  Snch  objrct*  are  called  star  oloat 
every  variety  in  the  cluHtcm;  unmet  ituts  tho  at*re 
For  their  brilliancy,  jcomelintes  for  Iheir  eaormoua 
Hometimes  fur  tlie  remarkable  Form  in  which    tbey 
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etiRMw  a  star  cluster  u  adorned  witU  brillUnlly-colouwd  Btara; 
ioiee  the  stara  are  so  close  to^eUjer  that  their  separata  rays 
not  be  disentaiifrled :  lotnctimes  the  eUrs  are  eo  tnintit«  or  w 
liatant  that  the  clualer  is  barely  diMin^iebable  from  the  nebula. 

Of    the   L'liiftteni   remarkable   at   onee   both    for   riebnr«>  and 

iinlliaiicy  of  the  individual  stars,  wc  may  mention  the  cluntcr  in 

be   Sword-handle   of   Persetu.      The   [Kwition   of   thin   object   ia 

Inarked  on  Fig.  70,  jwf^  378.    To  the  unaidcKl  eye  «  dull  ipot  '» 

piublo,  which  in  the  tele8cv>pe  expands  into  two  clu«ten  sepanted 

by  a   short  distance.      In  each  of   them    wv    have   innumenUe 

■tars,  crowded  together  so  a«  to  fill  the  field  of  view  of  tlw  tele. 

■cope.     The  splendour  of  this  object  is  appreciated  wlwti  we  reflect 

that   each   one   of  these   stars  is  itself  a  brilliant   sun,    [lerhapa 

rivBllinR  our  own  sun  in  lustrv.     Tlicrv  are,  however,  rvgionit  in 

(the   hntvens   near   the   Southern   Cross,  of  couno  iovinbte  from 

Dorthem  latiludeii,  in  which  parts  of  the  Milky  Way  ]>rew<>nt  a  richer 

^appearanoe  even  tlian  the  cluster  in  Persru*. 

The  most  striking  type  of  star  cluster  ><>  well  exhibited  in 
Itbe  constellation  of  Hercule*.  In  this  case  we  havo  •  gronp  of 
[minute  stara  apparently  in  a  rou;;hly  globular  form.  Fig.  84 
'  represents  this  object  as  seen  in  Lord  Roskc's  great  teU.-«)co|>e,  and 
it  shows  thm  nuliating  streaks,  in  whtch  the  «tan  seem  leas 
■anwroiu  than  elst-wliere.  It  is  nlimutvd  that  tliis  eluNt«r  must 
fooDtain  from  1,000  to  2,000  stars,  all  ronciiitratt^l  into  an  ex- 
lely  small  part  of  tliv  heavens,  ^'iewvd  in  a  very  small  tele- 
1,  this  object  rc«emblcs  a  iicbula.  Ttte  iMwition  of  the  cluster  in 
Irrciiles  is  Hhown  in  u  titagram  prrviously  given  (Fig.  75,  page  384). 
IVo  have  aln-ady  rcfcrns]  to  this  glorious  aggregation  of  stars  as 
rMKi  of  thn  three  es]>vnally  intorestiDg  objects  in  the  lieavens. 

The  Milky  Way  fonns  a  girdle  which,  with  more  or  less  r^^ularity, 
swi'c|i8  completely  around  tliK  luiiveiis ;  aud  when  viewed  with  the 
'  t4!lcM;ope,  is  seen  to  conviat  uf  myrioils  of  minute  stars.  In  soma 
Ipbci's  ibe  stars  arc  much  more  numerous  than  elsewhere.  All  Utese 
[•tarAareincompanbly  more  distant  than  the  sun,  which  ibey  entirely 
[wirround,  so  it  is  evident  that  our  sun,  and  of  course  the  system 
attends  him,  lies  actually  inside  the  Mitky  Way.     It  seems 
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lemptlng  to  ponue  tho  thoii^lit  li^rc  sugf;cBt«(I,  nod  to  n^iu 
tliv  whole  MUkj  Way  may,  after  all,  be  merely  a  sttufc* 
comparable  in  size  witli  Bome  of  tlie  otiwr  star  cluxten  aU  * 
gee,  and  tbat  viewed  from  a  remote  point  in  vpaoe,  the  Milk;  Vo 
would  seem  to  be  but  one  of  the  countless  dtuberv  of  dm » 
tuning  our  sun  aa  ati  indi«tingiiiehablQ  unit. 


fiTAH  ClVSTEItS  AXD  XSBULJS. 
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only  by  the  light  fit  Uit'  nun,  which  tbfy  refloct  to  us ;  nebula 
Bhiof  with  no  borrownl  light  ;  tht-y  arc  iwlf-lumiiioiu.  Clouds 
change  from  hour  t«  liour;  nebtilw  do  not  change  oven  from  year 
to  year.     Clouds  are  far  amaller  than  the  earth ;  while  the  sroallpst 

,  nebula  known  to  us  ui  inoomporably  gnat«r  tlum  the  sun.  Clouds 
are  within  a  few  miles  of  the  earth ;  ncbiilK  M«  Dot  within  many 
millions  of  miles. 

Till'  nyetematic  study  of  the  nelmlu"  may  be  oniil  to  Have  com- 

I    menoed  with  the  cotuHiutl  labour*  of  WilUum  HerM^hc)  at  Slough. 

f  The  scheme  which  Hemchel  )>ra]mB«()  for  this  task  waa  indeed  a 
comprehenBire  one.  He  determined  to  make  ■  iturvey  of  the  entire 
Iwavens  with  a  powerful  telecoope,  and  to  note  all  the  features 
of  interest  which  be  could  detect.  But  though  we  can  thuN 
soromarily  deacribe  the  undertaking,  y«t  a  litUe  reflection  will  show 
t]te  gignntio  amount  of  labour  which  it  entailed.  Considerint;  how 
ta]>idly  we  can  sweep  oar  eyes  over  tlio  heavens,  it  might  seem  a 
Tcry  easy  matter  to  turn  n  tcleseopc  to  mw  siKit  after  another,  until 
the  whole  sky  hiu  l>oen  reviewed.  The  two  casea  are,  however,  aa 
different  as  |KiMtiblc ;  a  glance  of  the  eyes  takea  in  an  enormous 
region  of  tlir  iKuvens,  while  the  f)el<l  of  »  Urge  teleac«]ie  only 
includes  a  very  itmall  region.  This  is  a  point  which  very  often 
surprises  those  who  for  the  first  time  look  through  a  large  telescope. 

»Ptoi^le  Mmetimea  expect  to  soe  the  wluile  northern  lieinispbere,  and 
perhaps  the  signs  of  thezodioe.iilliitonce.  It  is  even  nnmaonableto 
ask  to  be  shown  the  Great  Bear  in  a  large  telescope ;  tbe  telescu[ie 

tcan  be  pointed  to  special  parts  of  the  constellation  ;  but  if  we  want 
a  ComprebcDsive  view  of  the  whole,  we  must  take  an  opera-glass, 
or  somctliin;;  of  tlutt  description,  not  a  ifruit  and  jwwerful  instni* 
nent.  A  large  telesoope  will  hardly  show  even  to  much  as  the 
whole  of  the  moon  at  once.  When  we  lw>k  tbiough  the  eye-piece, 
we  Itnd  the  entire  fu,>ld  filled  with  the  brilliant  body  of  the  moon, 
and  it  will  be  n«c«Mury  to  move  the  t«leKO»|M.'  n  little  up  and 
down,  and  a  little  to  the  rigtit  and  to  the  left,  in  onler  to  bring 
the  whole   surince  of  tJia  moon  under   review.      T)w  moon  only 

Ea  very  snuill  portion  of  the  sky ;  hat  small  a»  iba'  '"-^v 
eld  of  view  in  a  large  telescope  is  uut  «»  | 
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tti«  wholv  flurfncc  of  the  hoaveiu  to  \tc  covervd  on 
quitv  cloEV  together,  the  apparent  aiz«  uf  each 
th»t  of  our  moon,  tli:e  hei^reos  would  then  form  a 
200,000  [Hccea.     Awuinin^  tlial  b  great   tuU>scope 
hulf  of  Hits  moon  ftt  once,  the  whole  etirfBoe  of  tlie 
form  about  400,000  fields  of  view.     In  wjoli  an  iiisti 
p1ut«  Kurvey  of  llie  heavens  must  then-Fort.'  invi>U-e 
400,000  oxutninAtions  of  wbitt  the  telescope  oan  reve 
ThiK  entiniute  includt»  tlic  ftouthi>m  heavens ;    if 
thou^hU  to  that  |<ortion  of  tho  hctiwim  which  in  vi^ibl 
lulititdc-«,  wv  may  pcrhap  my  that  about  a  cjuarU^r  of  t 
of  view  haw  to  he  earefully  exftuiined.     The  sch«mi 
UL'n«ohel  slceti'hed  out  for  his  kbotirs  at  Sloug'h  invol 
a  qiiurter  of  »  miiUon  Gelds  under  review ;  it  will  rv 
that  conKi<1erd}le  ot^nnis&tion  was  necMnary  to  enab 
uiidcrtnkiug  to  be  uccotnpliabed.     It  was  noceasury 
none  of  the  ftuldt  should  be  allowed  to  e«cnp«,  and  tha 
be  ob!N!rv<-d  oftener  thui  wu  ncccMory. 

But  Xhcre  in  iinuther  way  in  which  wc  can  obtain 
UMiception  of  the  ononnous  labour  which  Heiwcliel  t 
and  which  h«-  lived  in  gr<Mt  part  to  complete.  Insteatf 
the  numiwr  of  lields  of  view  which  he  would  hu\'o  to 
us  attempt  to  form  no  c»tim«t«  of  the  uumlKT  of  object 
Ik-  likely  to  come  under  \m  notice.  We  nemX  hardly  e 
an  cstimatv  tnuxl  be  only  an  approximate  on<>,  hut  For 
of  convvyiitg  to  the  reader  some  idea  of  the  extent 
laljount,  it  will  he  <]uite  tufBcieut.  There  are  aev. 
cluvses  of  objects  in  tho  heavens,  but  the  objtvts  whi 
uunierou!)  and  most  charaoteristic  are  tlie  fix 
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8upi)o»«  tliat  a  ^teal  telescope  like  that  which  llerMbel  used  in 
ii  bis  n.-«t*jiiiotie'tt  Iw  employed  for  the  purpose  of  counting  the  etxrs, 
each  oue  of  th«  S&0,OU(l  fields  of  view  would  hare  to  be  rei>ulaHy 
invcnti^iried.  In  alcnost  every  one  of  those  fields  of  view  Muut  stan 
wxuM  be  eecu ;  iu  uany  fields  there  would  be  >  large  nnmber  of 
stirs;  while  in  othi-rs  the  stars  would  be  found  id  countlcHi 
multitudee. 

Immodiutely  after  Herschel  and  his  sister  had  settled  at 
Slough  he  camnienced  his  immortal  review  of  the  heavens  in  a 
^stematic  manner.  For  obcervations  of  this  kind  it  is  eBsenttal 
tlutt  the  sky  be  free  from  cloud,  while  even  the  light  of  the  moon 
is  sufficieDt  to  obliterate  the  fainter  and  more  interesting  objects. 
It  was  iu  the  long  at>d  fine  winter  nights,  when  the  stare  were 
shining  briltiautl}-  and  the  pale  path  of  the  ?klilk}-  Way  exteiKletl 
across  the  heavens,  tlut  the  labour  was  to  be  done.  The  grrat 
telescope  being  directed  to  the  heavens,  the  ordinar)-  diurnal 
notion  by  wliieb  the  uun  and  stars  appear  to  rise  and  set  curries 
tb«  j<tan  acrow  tli«  field  of  view  in  a  majestic  panonuna.  The 
iitars  enter  slowly  into  the  field  of  view,  slowly  move  across  it,  and 
■lowly  leave  it,  tw  Iw  again  tophK-od  by  others.  Thus  the  observer, 
by  nuirly  rvnutining  passive  at  the  eye-piece,  sees  one  field  after 
another  pass  U-fore  Ittni,  and  is  iitabled  to  examine  their  contents. 
It  fiillowia,  that  even  witltout  moving  the  l«le»co]ie  a  long  narrow  atrip 
of  llic  hcaveiw  is  brought  iimler  review,  and  by  moving  the  teleecopo 
slighlly  up  and  down  the  widlli  of  this  strip  can  be  suitably  in* 
oictased.  On  anotlier  night  the  telescope  is  brought  into  a  different 
position,  and  another  strip  of  the  t>tcy  is  examined  ;  so  that  in  tlie 
courae  of  time  the  wholu  heavens  can  be  carefully  wrntiniscd. 

Uersohel  otiinda  at  tlw  eye-pieoe  to  watcli  the  glorious  pro- 

Bion  of  ecltsstial  objects.     CloM  by,  his  sister  Caraline  nt  nt  her 

iu  hand,  to  take  down  the  obser\'atioiis  us  they  fall  from 

tsr's  lips.      In    front  of  her  is  a  chronometer  from  which 

DMtB   tlw  time,   and   a  contrivance  which  indiirstes   tha 

•fOp«,  so  tliat  she  can    n-ctinl  the  iruiot  poai- 

"i^nncction   with  thv  dcBcnption  which   her 

lh«  splendid  scheiue  which  this  brother 
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and  eirt^r  had  arranged  as  the  oliject  of  their  lif«-l 
Ilic  diwovfrivx  which  HcTsvlit'l  was  dctftined  to  make  wen 
rcdkAncd  not  1>y  t«na  or  hj  liundre<ls,   1)ut   hy  thooaiidi' 
records  of  Uiete  diRcoreries  ar«  to  be  found  in  the  "  Phil' 
Tmneactionit  of  the  Rojal  Society,"  and  tliey  are  nroonj'  1^  ™ 
irrasuri's  of  thoae  volumes.     It  niut  left  to  Sir  John  Hetseif'i'l 
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Fig.  St.— Tba  Oonat«tlittion  of  Orim,  *howii>)c  Um>  ptutltiao  of  thf  Gloat  1 

only  Kin  of  Sir  William,  to  coin]>1«!tc  hie  taUwr'a  Inlioiir  l>y  . 
ing-  t.liA  siirvoy  io  the  southern  lu-nven».     He  uixltrrtook 
objivt  a  jcturncy  to  the  Cnpe  of  Good  Hopu,  nnd  sojoumrdj 
for  th«  ycarH  ne<*cn*ar)-  to  ooniplete  the  ^:rcat  work. 

As  ttic  roRiilt  of  th<>  f^igantic  labours  thus  iiifltit^iratml, 
now  three  or  four  tlioiisnnd  nebulie  known  to  us,  and  witlij 
improvement  of  the  lulesonpe  fresh  additions  are  ninilt-  to 
Tfaey  are  scattered  over  both  liemisphcm,  and  sonif  nrt>  I 
in   every  constellation.      They   differ   from  one  mii>tl> 
tbotisand  ])ebblee  selected  at  random  on  a  sea-bcacb  m 
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namely,  in  form,  aat,  colour,  and  matcriftl^nit  yet  hare,  like  the 
[H'bblM,  »  ccrUin  generic  re*emltU»cc  to  c«ch  oilier.  To  <lescribe 
thU  cliuw  (if  tH>«l>e«  it)  any  detail  would  altogeiber  exceed  the  limits 
of  this  chftptcr;  we  vliatl  merely  select  «  few  of  the  nebals, 
oboufing  DfttimUy  thow  of  the  most  remarkable  character,  and 
idlio  thoM  whiiA  BK  repreoentatives  of  the  different  gronps  into 
which  iiebulm  may  be  divided. 

We  hare  already  alluded  to  the  great  nebula  in  th«  oonst«lla- 
liiHi  of  Orion  lui  being  otie  of  the  mrat  intenvting  objects  in  ibc 
'itaven*.  It  IN  alike  romarkable  whether  we  look  at  it<  size  or  it« 
brilliancy,  the  care  n'itli  which  it  ho*  been  atudied,  or  the  eucceM 
which  has  attended  the  elforta  to  learn  Boniethinjf  of  its  cha- 
nu;ter.  To  find  Uiih  object,  we  refer  to  Fig.  8&  for  tlie  sketch  of 
the  chief  stara  in  tlii^  constellation,  where  the  letter  a  indicatca 
tbe  middle  one  of  the  three  stara  which  form  the  sword-handle 
of  Orion.  Above  the  handle  are  the  three  star«  which  form  tlie 
well-known  belt  so  ounapicuous  in  tbe  wintry  eky.  The  star  a,  when 
viewed  attentively  witli  the  unaided  rye,  [pre»enl«  a  somcwlmt  misty 
appearance.  In  the  year  l(tl8  Cysat  directed  a  telcucopc  to  this 
star,  and  «aw  iturriMiiidin);  it  a  ciirioujt  liiminoiui  hau',  which  waa 
the  grtut  nebulii.  Kvcr  r\aca  his  time  this  object  lus  been 
diligently  fttndied  by  many  astronomers,  so  that  innutnerabte 
observations  liave  been  made  of  it,  untl  even  whole  volumes  liave 
been  written  which  treat  of  iMtliing  eW.  Any  ordinary  telescope 
will  show  the  object  to  some  extent,  but  the  more  powerful  the 
t«le80ope  the  more  are  the  curious  details  rvvaaled. 

In  tbe  Grst  place,  tbe  star  x  (0  Orionis)  is  in  itaelf  the  most 
striking  multiple  star  in  the  whole  heavens.  It  consists  really  of 
six  Stan,  represented  in  tlie  next  diagram  (l^g.  S6) ;  these  points 
■fO  M  close  together  that  tbeir  commingled  rays  cannot  be  dis- 
tinguiahed  without  a  telescope.  Four  of  tbem  are,  however, 
easily  seen  in  <|uit«  small  instruments,  but  the  two  smaller  star* 
rwjaire  tvlcsco|ics  of  eoosidcmble  power.  And  yet  these  stan  are 
SUDS,  comparable,  it  m»v  >  He. 

It  b  not  a  titt  six 

miDM  •hould  be 
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«r  the  multiple  star  would,  either  of  them  atone,  be  <»f  ei 
iDterest,  and  here   w«  have  a  coinl>ination  of  tbu  two.     It 
itnj)oe»iblc  Xa  resist  drawiuj;  tlio  conclusion  tliut  the  maltiplal 
really  lies  in  th«  nebula,  and  not  nrnrcly  aloiif;  the  Biiine 
vision.     It  would,  indeed,  seem  to  bu  at  variancu  with  all  [» 
to  suppose  that  tha  presentation  of  thvee  two  exceptiniu)  objc 
the  same  field  of  view  was  merely  accidental.      If  the  mu1ti{ 
be  tvally  in  the   uebula,  as  eceio!  most  likt-ly,   then   this 
aSorda  evidence  that  in  one  can  at  all  events  the  distance  I 
nebula  is  a  quantity  of  the  same  maf^itude  ns  the  distsncej 


Fig.  86.— TIm  Moliiiilft  Star  (8  OrionU)  in  Uio  GtMt  NebuU  of  Oiioa. 


star.    This  is  unhap|>ily  almost  the  entire  ^xt*I»t  of  our 
of  the  distances  of  the  nebulw  from  Hbn  carlli. 

The  great  nebula  of  Orion  surrounds  thf  multiple  star,  ^ 
extends   out    to    a   vast   distance   into    the    neiglibourinjf 
The  dotted  cin-le  <lmwn  aroand  the  »tiir  roarked  a   in 
represents  approximately  the   extent  of  the  nebula,   as  eeeD 
moderately   good    tcli'cropc.      The   nebula  is   of   a    faint 
colour,  impossible  to  rc]>rvsent  in  a   drawing.     Ite   brif^t 
much  g:rt!utcr  in   some  places   than  in  others ;  the  central 
arc,  gienrrolly  "jK-akliig,  the  most   brilliant,   and    the  lumti 
gradually  fades  awiiy  iu<  the  edge  of  the  nebula   is   apiM 
In   fact,  we  ojtn    hardly  Miy   that   the   nebula   has   any   dcfii 
boundary,   for   with  eauh   inorciLse  of  telescopic  power  Duot  lu 
branches  cun  be  seen.     Tliere  seems  to  be  an  empty  apMie  to  tj 
nebula  iinmedinlt-ly  surrounding  the  multiple  star,  but 
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unlikely  tliat  this  is  merely  an  illusion,  prcxluced  \>y  the  coDtrast  of 
the  brilliant  light  of  the  stars.  At  all  events,  the  spectroscopic 
examination  of  the  nebula  seems  to  show  that  the  nebulous  matter 
is  eontinitous  over  the  stars. 

The  pUt«  of  the  gmt  nebula  in  Orion  which  is  here  shown 
represents,  in  a  rcdiieotl  form,  the  elBborat«  drawing  nf  this  object 
which  has  been  made  by  th«  Earl  of  Ro«se  with  the  great  reflecting 
t«lcscope  at  Parsonstown.*  A  telescopic  view  of  the  nebnla  shows 
a  lar;>o  num1>cr  of  stars,  two  hiindrMl  or  more,  seattered  over  itM 
sar5ice.  It  is  not  ncoeioMry  to  Mupposc  that  these  stars  are  all 
immersed  in  the  euhstancc  of  the  nebula  as  the  multiple  star 
appears  to  be ;  they  miiy  W  either  in  front  of  it,  or,  less  probably, 
behind  it,  so  as  to  bo  pnojci'tcd  on  tlic  snmv  |iart  of  the  sky.  In  the 
produdion  of  this  drawing,  thv  lir»t  task  was  to  construct  an  accurate 
chart  of  these  stun,  to  serve  as  a  skeleton  on  which  the  nebula 
could  be  delineated.  The  execution  of  the  elaborate  drawini; 
taxed  the  powers  of  the  great  tclettcope  for  a  period  of  some  years. 
It  must,  however,  be  remembered  that  it  ie  only  during'  a  i«rt  of 
the  year  that  the  nebola  can  he  swn.  Very  fine  nights  are  neces- 
B3,T\  for  observing  these  objects.  There  must  be  no  clouds,  and  the 
moon  must  be  absent,  for  its  bright  light  would  quite  extinguish 
the  fainter  portions  of  a  nebula.  The  Milky  Way  should  he  seen 
clearly  if  the  night  is  to  be  cmploy(<d  in  drawing  such  objects.  In 
foct,  taking  the  weather  alone  into  conNideralion,  there  are  in  llto 
British  Islands  only  alwut  one  hundred  hours  in  the  whole  year  which 
are  really  suited  for  the  very  best  astronomical  observations.  When 
it  is  further  rcmemberrd  that  the  great  telescope  at  Parsonstown  ia 
a  meridian  instrument,  with  only  a  limited  range  of  lateral  motion, 
it  is  plain  that  the  nebula  in  Orion  will  only  W  within  its  readi 
tor  an  hour,  or  mther  lr>«,  each  evening.  Unle«ti,  then,  the  sky  be 
clear  at  that  [Nirtivubr  hour,  the  whole  night  in  loot  w  far  as  this 
drawing  ix  com-vmed,  and  henre  it  <-anDot  lie  a  matter  of  surpriMi 
tlut  much  time  ha*  been  expended  in  the  eoinpletii>n  of  a  work 
requiring  so  mucli  careful  com|>ariaon  and  examination.  There  im, 
indeed,  eonvidemble  difficulty  in  seeing  the  fainter  portions  of  tiiii 

*  1  am  iadnbted  1m  lUa  dl«wiB)[  to  llio  kiailnBM  of  Vntt*.  D>  la  Ito*. 
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nebula.    Tlie  long  ptx^jecting  arms,  which  twem  m*  pUio  iaj 
dtswiog,  can  only  bu  seen  by  tlie  moBt  tmreful  Kcrutiny 
pnctis«d  eye.    A  little  will  be  seen  one   night :    tbi« 
verified   on   a  subsequent   oveninf*,  and  the    faint  ohj««t 
traced  8  littV  furtber.     But  ibis  faiutiiees  is  only  to  be 
as  applying  to  the  outlying;  portions.      Tbe   central  part  oCJ 
nebula  is  brij^bt  irTiou^b  to  be  seen  iu  any  tvloscope,  and  ii 
great  itistrumunt  i>ri-s>.-nt8  a  secno  of  siirpasein^  glory. 

A  considerable  number  of  drawing  of  tliisi   iinii|ue  objei-t 
been  made  by  other  astronomers.     Amon^  thette,  we  must  met 
that  executed   by   Professor   Bond,  in  Cambridge^   Mmoa., 
pOBsessoB  a  de^rrce  of  faitbfuluras  in  detail   that  every  «t 
this  object  is  boimd  to  ackiiowlod^.     Of  late  years  also  iii 
attempte  have  been  made  to  photograph  the  great  nubuU.     Hiel 
Professor  Dia)wr  wa«  fortunate  enough  to  obtiiin  some  odr 
photographs.     Iu   England,  too,  Mr.  Common   hue   takeoji 
excellent  photograph  of  tlie  nebula,  which  baa  deservedlv 
its  author  the  high  honour  of  the  Boj-al  Astronomicjil 
gold  mediil. 

It  may  be  asked,  \Vbat  is  the  object  oE  devoting  such  «l 
cure  to  the  examination  and  drawing  of  thi«  single  objtHit? 
answer  to  this  question  iii  rrally  two-fold.  A*  a  geograjihcr 
survey  a  new  country  for  the  sake  of  aHeiTtniniiifj  ibe  (Ictnilo  of 
niomituinK,  its  ptains,  and  its  riwre ;  as  be  w>mld  sketch  lb« 
important  features  in  its  scenery,  and  fill  kts  not«-book8 
meoDui'i'mcnts  and  with  deecriptiomt ;  so  docs  the  astronomer 
sider  a  simple  survey  of  the  heaveni  to  be  one  uf  the  nui 
duties  which  it  is  incumbent  on  him  to  disehaTge.  The  contaat 
the  heavens  are  to  be  carefully  measured,  they  are  to  be  aoctuml 
doHcribed,  they  are  to  be  artistically  drawn;  and  the 
ultimately  aimed  at  is  a  complete  and  cxltaustive  delineation  of 
magnitude,  weight,  position,  and  peculiar  features  of  every  (."ometj 
planet,  evety  star  and  eveiy  nebula,  which  tb«  utmost  powers  of  i 
greatest  instruments  can  disclose  to  us.  We  cau  hardly  hone 
this  majestic  scheme  will  be  ever  fully  realised.  The  tiwk  is 
great  for  human  labour  to  accomplish  completely,  but  imi 
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coDtnbutJons  to  the  tmdertakin^  are  insdo  ever^r  year.  In  pur- 
suance of  this  object,  the  lives  of  some  astronomers  are  devoted  to 
the  preparation  of  catalo^^ucs  in  which  tlte  positions  and  ma^ituden 
of  the  fixed  stars  are  recorded.  Others  are  engsf^  in  the  deliiiea> 
tion  of  charts  of  portions  of  tlm  elty,  in  which  the  minutest  atani 
are  depicted.*  Others,  af^in,  oxptud  their  ener^iec  in  making 
drawings  of  the  features  visiblu  on  the  moon,  or  on  drawings  and 
measures  of  the  planets,  or  in  the  mitistiromcnt  of  double  stars,  or 
in  traein^  the  faint  outlines  of  tliu  uehuliv.  Th»e  are  the  result* 
of  special  survej-a  of  diSsrent  proyincen  in  the  vaat  kingdom.    Now, 

■  of  all  the  objects  in  the  hcuvcns  l>cyond  the  conftnes  of  our  solar 
system,  one  of  the  most  splendid  and  the  most  remarkable  is 
that  now  before  a» ;  and  hence,  in  the  great  celestial  survey  it  is 

I  oT  paramount  importanco  that  w«  should  possess  faithful  draw- 
mgt  and  measurements  of  every  deljiil  that  can  be  seized  ot  the 
groat  oebula  in  Onon. 

The  laborious  work  nt  sur^'eyiug  is  the  first  aud  the  simpleDt 
duty  of  the  astronomer.  Far  more  difficult,  and  perhaiw  far  more 
interesting  problems  are  to  follow.  One  of  these  prohlema  is  to 
determine  tJie  movements  of  the  heavenly  bodies,  and  another — the 
most  difficult  of  all — is  to  determine  their  nature.  The  drawings  of 
the  great  nebula  in  Orion  are  designed  to  aid  in  the  solution  of  both 


*  Till'  tndlaiu  ]>rti«iM  ot  f anninf  *lAr  i-hArti  !>;  mraaumiMnU  or  <sltiiisHims  <A 
wvh  K>iiirul«  (lar,  U  a;>iiHmitl)r  to  ba  «ipM«*dod  t>y  (ha  mor*  o<>m)ituhMin«« 
niuthiHlii  uf  phiili>Kn>]itiy>  It  lw>  Imm  toiiad  tliM  Twy  mliiuto  t<fatu|M  itmn  (an 
be  miuto  to  iitndun  ■  Hniil)!!)  pictan  vtum  sa  oijiuHin.'  of  tuitoble  Iragth  has  b««D 
gjvm.  Htan  <A  thv  lIUi  taiA  lAlb  magnltudci  *r«  thua  aliawa,  sad  tt  ia  svcn 
fMslbls  tor  iten  to  b*  rtrcrdod  oa  tlw  pkoluarnphtc  ]>Ulo.  *lilch  art  unaUo  l« 
«icita  viaioa  in  tlw  mMl  powcrfnl  Iu1mto]w.  A  pLiM  takon  by  Mr.  J.  Kalwrt*  Mia- 
Uintd  Ml  sies  ot  Xhr  iky  about  two  dcRTta  i^iuitk  Oa  MropaiMoo  at  tU*  pboto- 
gntph  •ill)  Uio  «vll-kiu>aii  mail  "^  Arinlao'l'^i  FMlior  IVrry  •latiM  that  Im  feuml 
not  only  all  ttu-  fitly  .HJfikt  (Ian  ot  Uie  tiwp,  but  at  t«Mt  (blrty-lwo  tir.«  Man,  all 
probably  bciloir  Una  Hh  cr  lOUi  msgaitudi-.  At  the  I'aria  Ohiwialj||  as  mfmm 
ot  an  hmv  g/Ktv  a  aaptm  o(  sbovl  Qi-e  H|nara  do(NM  «f  tlw  hMvttu^  oa  whM 
2.Tfta  (tan  hwB  III*  BIk  to  lh»  14tK  maitnltndo  ww*  dapMod,  wUb  InKaaotaUn 
of  ilio  IGth  nacailndo  won  *UUe.  It  b  htupti,  tbamlors,  Ihal  la  tonw  di  or 
alght  ymn  a  v«Di|ible  mimj  of  Uui  bcBTtni  m  Ibis  tpkndU  mbIs  bmjt  bo 
acoomplMiwt.  ilanjr  iaipcftuit  Mmtto  may  bo  antic^Nttd  fro«n  thii  rawank :  for 
lastMios^  a  nnanr  pknot  ii  at  onco  nvtsled  by  Us  motun,  vliich  gin*  a  rtimk 
I  «1  a  polat. 
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ihoiw  grvftt  problems;  to  show  wht-thcr  the  ueliola  has  an] 
eiablv  tnovoments,  nnd  to  eluci<tnte  tU  iictual  structure  and 
eoiitlitioD.     It  is  a  moet  intetvoUog  quMtion  t-o  decide,  wl 
gnml  nebula  i«  really  in  a  proccw  ot  oiiang«.      Lool»d 
lu^bt  to  night,  it  docs  not  allcr;  «ven  From  year  to  yi-ar] 
aooina  tlio  Jrtime.     But  is  this  pcnnatwuoe  real  ?     Do  not  thi 
of  light  or  the  bright  ociitrni  rcgiimft  in  any  degree  wax  or\ 
heoome   al^sorbotl   or  extcndnl,   dis»pate<l    or   <liHjiersed- 
ordinary  cIouiIk  wlmiic  i-vnnescrnco  is  proverbial  ?    Tbie  ife  a  i 
of  th«  very  dfcpcst  intorfst ;  ami  hovr  is  it  to  be  answe 
life  of  an  astronomer  \»  not  long  enough,  even  if  bin  metnn 
good   enough,  t^o  jtmnouuM  linally  upon  this  tjuestion. 
making  an  olnhorate  drawing  with  the  ntmoat  care  and 
by  measuring  tlic  relative  pottitioufl  of  the  stare  in  the  nel 
the  last  degree  of  exoctncKs,  and  by  careful  eompariaoa 
that  eaeh  minute  part  of  tlio  dniwiiij;  rrprescntH  the 
part  of  the  uebiilii  ax  tflocely  as  it  is  poeeible  for  art  Ut 
nature;  then  thone  drawin^^  can  at  a  future  time  be  cwmj 
the  nebula,  and  the  queiitinn  us  to  itit  {XTmanenoe  onn  tbi; 
Tcatignted.     TIiik  ha»  iiln-ady  been  door,  and  tbc  lulhuit 
upon  thcKC  drawings  has  been  amply  rewarded.     Tlie  entireij 
haa  been  critically  examined,  and    it  lias  been  demonst 
in  parts  of  the  mighty  nelmla  certain  changes  trr   in 
though   probably   mueh   mon?  time   must  elapse   befort!    tJu 
import  of  Ihciie  changes  can  be  tindentood.  ■ 

The  magnitude  of  this  gigantic  object  can  perfaape  never  M 
fully  known  to  \if.    In  fact,  llic  light  fades  away  so  ^mdc 
we  cannot  tell  how  large  a  portion  of  sky  it  really  occuptaa. 
can  be  seen  certainly  occu]>ieii  an  area  of  the  sky   two 
times'  ail  great  aa  that  ooven-d  by  the  full  moon.     But  w> 
we  say  of  the  real  magnitude  of  this  object?     As  wi-  dn  dc 
its  distance,  we  cannot,  of  course,  attempt  any  eitimate  of 
though  it  is  possible  to  enunciate  a  minor  limit  to  ita  tlit 
The  magnitude  of  our  earth,  vast  as  it  is,  will  not  acrvt* 
of  comparison;  we  must  Iiave  a  far  larger  unit  uf  tn< 
for  a  bulk  so  stupendous.     The  earth  sweeps  arwnnd  the 
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aighty  path,  whose  diameter  n  not  less  than  Ifl5,t00,000  milts, 
et  ne  ima^ne  a  sphere  so  mighty  that  this  circle  would  just 
form  a  girdle  around  its  equator,  and  let  this  gi^ntic  globe  be  th« 
sure  wherewith  to  enuTiciat«  the  bulk  of  the  vast  nebula  of 
>rion.  It  cau  be  demonstrated  that  a  million  of  these  mighty 
J  [{lobes  rulled  into  one  would  not  equal  the  great  nebula  in  hullc ; 
r  thou(^  how  much  greater  than  this  th«  nebula  may  really  be  we 
f  htix*  no  means  of  ascertaining. 

I         The  uctiial  nature  of  the  nebula  in  Orion  offers  a  problem  of 
th«  greatest  interest,  especially  when  we  consider  the  question  as  to 
,   the  nintcrials  of  which  this  object  is  composed?    This  is  a  pro- 
blem  wliich  for  n  long  time  prcM-ntod  a  matter  of  controversy, 
I    but   hapjiily   the   discoveries  of   Dr.   Huggins  have,   in   a   great 
I    measure,  decidi^l  the  mutt^.'r. 

^  We  liave  alreaily  given  a  brief  dcaoription  of  some  of  thoae 

objects  Iciiowii  as  star  chuters,  anrl  we  Iinve,  in  purti<!iiUr,  referred  to 
„  the  great  cluster  in  llerculex.     This  is  a  superb  object  when  seen  in 
Ban  iiMtruinent  of  udt^tute  power,  but  in  n  small  instrument  it  is 
HBotweo  exactly  aa  a  cluster  of  stars;  it  u,  ntber,  a  dull  hazy  point 
■  of  light,  not  by  any  m^-nns  unlike  the  appcnranc*  of  some  of  the 
r  Bebuho  aecn  in  a  great   instnimcnt.     An  it  wu  found   that  many 
apparently  nebulous  objects  were  nhowu  to  be  really  star  clusters 
when   adi^iuate  t«lc«c<>i>ic   {xmer  wna  ajiplied,  it  seemed  {wrhapa 
plauitible  to  contend  t3iat  all  nebiilix  might  W  Tvally  only  clusters 
of  stars ;  sunk,  however,  to  so  great  a  depth  in  h|hwc,  that  even  tlw 
largest  telesenpes  failed  to  disentangle  the  several  rays  of  the  diffe- 
nmt  stars,  and  thus  prndnced  merely  t\w  hazy  appearaooe  of  a  nebula. 
How  far  can  this  reasoning  Iw  applied  to  the  gmit  nebula  in 
Orion?     We  have,  fortunately,  one  or  two  very  inti-rcsling  observa- 
tions bearing  on  tliis  poiut.     On  a  ]»rticularly  line  night,  when  the 
speculum  of  the  great  six-foot  telescope  at  Parsonstown  was  in  ita 
linost  order,  the  skilled  eye  of  the  late  Earl  of  Rotwe  and  of  his 
then  Bssistant,  Mr.   Stoney,  detected  in  the  densest  part  of  tlie 
nebula  myriads   of   minute  stars,  which   had   never  before   been 
reoognitits]  by  human  eye.     LIn<iuesttonab]y,  the  oommineled  mys 
of  tliese  stars  contributes   not  a  little  to   the  briUuucy  of  the 
I  ■ 
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nebula.     Bnt  Wustk  still  remainti  the  quostioo  an  to' 
entire  luminosity  of  tl»  grvat  nebula   can    b«    m   i 
whether  thv  light  thereof  may  not  partly  ari««  from 
sonn-e.     Thiit  qitcetioQ  ta  on«  which  muvt  neccasarily  bv 
the  attention  of  any  obaervcr  who  has  ever  ODJoyMl 
of  viewing  the  ^rmt  nchula  through  a  tclc«copo  of 
ndequato  to  render  justice  to  it*  beauty.     It  Mwma  'ua\t 
btilievc  thiit  the  hluinh  li<;ht  of  audi  detioat^ty  grraduatwl 
really  arisen  mcruly  from  itt<.'llur  points.     The  object  '»  • 
80   eontinuotis — mi^ht   we   not  almost   say    ao    glio«t-Iik 
it  is  impossible  not  to  believe  that  we  are   reaUy  lookinipj 
gOAOous  matter. 

But   here   a   difliculty   may  be  sogj^ted.       The 
luminous  body,  but  onlinaty  gas  is  invtsible.     Wc  do 
t(at«es  w-liieh  surround  us  and  form  the  atmosphere  in  whici 
ilaiv,  then,  if  the  nebula  consisted  mcrdy  of  gaseous  nut 
we  see  it  shining  on  the  far  distant  heavens  ?     A  wcll-kna 
nment  wiU  at  onoe  explain  this  difBculty,     We  take  a 
tiiinin|r  a  very  small  ijiiuntityof  some  t^ss  :  for  exninple, 
tlii«  gu*  in  usually  invisible:  no  one  could  tell   tlutt   ther 
gas  in  the  tube,  or  still  less  could  tW  kind  of  gm»  be 
]iour  a  stream  of  electricity  through  the  tube,  and  i: 
gas  begins  to  glow  with  a  violet  light     What  hax  the 
done  for  us  in  this  experiment  ?     Its  solo  effect   bus 
the  gas.     It  is,  indeed,  merely  a  convenient  means  uf 
gas  nnd  making  it  glow.     It  is  not  the  electricity  which 
is  nitUcr  ihi>  giw  hcuti.-d  by  the  electricity.     We  inft-r,  then 
the  gas  Ik'  liOKtcd  it  W-comos  Itmiinous.     The  gas  dov»  not 
the  ordinary  Ncmc  of  the  word;  no  chemical  obang« 
plaee.     Tin*  tulio  contains  exactly  t]ic  tamt  aroouut  of  hn 
after  the  expi-riment  that  it  did  bofuce.     It  g-lows  witb 
just  as  red-hot  iron  glows.     If,  then,  we  could    boliorvj 
tlie  gn»t  nebula  in  Orion  there  were  vast  volumee  of 
in  the  .'iaine  physical  eondition  as  Ibc  gas  in  tlie   tulx* 
electrii-ity  was  jxissing,  tlieii  we  should  cxpeet  to  find  *\\n\ 
would  actually  glow. 
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'o  (Mjtlle  the  que«tii)n  ita  to  the  i*nl  nntnn'  of  th«  Dcbula^  wtt 
list  (rail  in  th«  aid  of  thnt  rafinccl  metliud  or  invrRtij^tioii  kiiovm 
Bpectruin  uiiBly«is.  \V«  have  i>x[)]uineil  iti  a  previous  i:hi>[>t<T 
principle  of  thit  method  in  >U  appliuilion  to  (h«  stai*;  let  um 
iw  sew  how  it  c-iin  1*  ti|ipli4Kl  to  the  nehulie.  The  •|)«>(!truin  of  a 
-nscous  TR'tiuIa  la  a  truly  remarkable  Hi^lit.  lnittca<l  of  thv  (»it- 
innous  band  of  colours,  crowed  by  dark  lines,  which  ia  churncterintie 
if  the  §peetrum  of  ■  atar,  the  nebular  «(HX-truni  eonitiala  of  hut  tlin-tr 
[)r  four  bright  lines.  Two  of  tluwe  line*  correspund  to  Ihc  npfctrum 
hydrD(;en,  niiother  belonffB  to  nilro^n,  whih'  thi>  fourth  »iieu)i< 
belontr  to  someekroent  not  hitherto  identilicd  with  anjr  ti-rrcii- 
ial  substnnee. 
This  remarkable  discovery  made  by  Dr.  Iluggina  baa  been 
corroborated  and  extended  in  a  very  interesting  manner  by  the 
more  recent  laboure  of  the  same  astronomer,  who  has  actually 
■ticccc(U<d  in  obtainini*  a  photograph  of  the  spectrum  of  tlie  great 
tiehulu  in  Orion.  Tlie  photograph  shows  a  strong  line  in  that 
inrioible  part  of  the  spectrum  eitendintr  beyond  the  violet  rays, 
and  thin  line  has  been  proved  to  be  in  all  probability  identical  with 
one  due  to  hydrogen. 

The  laboun  of  Dr.  Ilugginn  have  thus  solved  to  a  considerable 
oxiont  the  important  problem  as  to  the  conatitotion  of  the  nebula 
ID  Orion.  We  see  tJiat  it  oonnsta  in  part  of  stars,  making  up, 
perhaps,  in  number  fur  what  they  want  in  size.  Those  stan  are 
hiilhcd  in  and  surrounded  hy  a  stupendous  maex  of  glowing  gas, 
partly  conHittting  of  that  gas  which  enters  so  largely  into  the  com- 
jKMitittn  of  our  ocean,  namely,  hydrogen,  and  ]«rtly  of  that  which 
in  MO  imjitirtant  an  ingredient  in  our  atmosphere,  namely,  nitnigrn ; 
and  further,  that  UivKe  are  minr;led  with  tome  other  gaseous  sub- 
stance of  u  nature  at  prevent  unknown. 

Space  will  only  admit  of  a  brief  reference  to  a  few  other 
nehulu,  and  among  these,  a  chief  (dave  must  bo  given  to  the 
great  nebula  in  Amlromcda.  Thin  is  viNible  to  the  aiuiidcd  eye, 
and  has,  indeenl,  not  unfn.-<iumtly  been  mistakea  for  a  oomet.  Ita 
telescopio  appivnmM*  iH  ihown  in  l*1atc  XV.,  which  has  Iweu 
copied  from  one  of  Mr.  Trouvclot's  beautiful  drawings  made  at 
x  s  2 
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Harvunl  College  Ohacrrntory.     Two  diirk   nhanm-Ul 
CHnnot  fail  tn  be  noticed,  and  tbe  number  r»f  faint 
orer  its  surface  is  also  a  point  to  which  nttuDtinti 
To  Snd  this  object,  we  nmst  look  out  for  CwK«in|ii<ta 
Square  of  Pef-asus,  and  then  the  nebnla  will  be 
the  position  shown  on  p.  376.  It  differs  in  a  very  ren 
from  the  gaseous  nebulte  of  which  that  in  Orion  in  . 
we  examine  tbe  nebuU  in  Andromeda   with    the 
lind  a  fnint  oontiiiuouH  band  of  H^t,  of  a  totally  clil 
to  Hint  shown  in  Hk-  four  brii'bt  Iiik-s  of  Orion.! 
Kpfntniscopic  cvtdoticc  wmiid   Kwm  to  indicate   thai 
f*lowing  gaa  in  the  n«biila  in  Andromeda,  aDd    that 
be  due  to  the  existence  uf  a  viuit  oluBtcr  of  minot 
Those   who  are  experienoed  in  the  obaervalion   of 
aware  of  a  peculiar  bluish  hue  observable  in   the 
which  is  not  present  in  those  of  tbe  Andromcila  ty| 
difference  is  so  marked,  that  it  is  quite  posaiblo  to 
the  two  cbisseB  the  nebula  really  belongs,  even  beffl 
test  of  tbe  spectroscope  hafi  been  applied. 

Among  the  various  other  classes  of  nebula.', 
stri1<inf;  «rc  thnnc  known  as  ihe  Annular,  or  the  Hing-I 
intii-t  CL-k'bratetl  of  these  objects  is  found   in  t  lie 
Lyni,  and  its  position  can  be  readily  d<-t«nniiit><l  fr 
likctdi  of  the  pHnci)al  stars  in  the  coiwtvllution  {I 
iinmilnr  nrliula  beloii(^  to  the  ;;a«ooas  class  of  ohjf< 
lines  in  it«  ■i]>eetrum  are  not  so  nnmonmaoa  those 
of  Orion.     Wc  here  give  two  utlenipts  to  dflinent 
objeel  (Fig.  88).     The  dmwing  will,  at  all  events, 
IKwe  of  enabling  the  studi-nl  to  ideutify  tbe  nebula 
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^itvoiiM,  l>tit  it  is  Dot  to  be  Buppn««d  that  it  la  the  onir  member  of 
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■»  cliif«.    Alto^tber,  there  art-  almut  a  <)inM.-n  of  these  objects.     It 
ma  (lifRi-ult  to  form  any  adeqiiuttf  oon«>|>tion  of  the  natun*  of 
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Pig.  ST.— Lyn,  with  tint  Annular  Nvhutu. 

'tuch  ft  hcxly.  It  in,  liowi'ver,  im[K>Mib]e  to  viow  th«  uinular 
uebahe  without  being,  at  all  oveuts,  reminded  of  thoM  a1<K*nt 
objects  knowu  m  vortex  riiigu.     Who  haa  not  noticed  >  jTraccfiil 


Fig.  BH.— "IV  .Vimulor  N'rinik  In  I.jr^ 

t\a^  of  Btenm  which  ooouiioiinlly  eacapeii  from  th»  funnel  of  > 
locomotive,  iini)  aitccnds  high  into  the  sir,  only  dissolriD^  itonte  time 
alttT  iho  «t<>aii)  not  w  specialiseil  hiu  dii«p|»esrei!  ?  SudIi  vort*rx 
ring*  can  be  protluocd  artificially  by  a  cubical  box,  one  open  tide  of 
which  is  covered  with  Gan\'aa,  while  on  the  opposite  side  of  the  Ixtx 
is  a  circular  bole.  A  tap  on  tJ»e  canvas  will  caoso  a  vor1«x  ring  tu 
•(Art  from  the  hole ;  aod  if  tbe  box  be  filled  with  soMke,  this  ring 
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Harvard  ColIeRe  OWrvatory,     Two  dark  cbanitel 
cannot  fail  to  be  noticed,  and  the  nnmber  of  faint] 
over  its  surface  is  aim  a  poinl  to  whivli  nttentioa 
To  find  this  olijoct,  no  muKt  look  oat  for  CiissiM{>eis 
Sqiiaro  of  PfgiisiiN,  uiid  thon  the  nebula  will  be 
the  {Kwitictn  shown  on  p.  &76,  It  diffcra  in  a  vvry  rei 
from  the  gMfi>n*  ncbtiUaoF  which  that  in  Orinn  isj 
n-e  fixarain;!  the  nebula  in  Andromeda   with    the 
find  A  faint  eontinuouti  l»nd  of  H^t,  of  a  totally  <]i| 
t'>  that  flhown  in  the  four  bright  lines   of  Orion, 
8j*otroBCopio  evidence  wrould  seem  to  indicate   tha| 
glowing  gas  in  the  nebula  in  Andromeda^  and   tin 
be  due  to  the  eustenoe  of  a  vast  cluster  of  mint 
Those  who  arc  oxporicnocd  in  tli«  ob«i>r\'ation  of 
au-are  of  a  pcciiltiir  bluiKh  huo  obsorvabli-  in   the 
whiL'h  is  nut  present  ill  tliocc  of  tltc  Andromi-da  ty\*c, 
iVitfcKTwc  in  KO  murkod,  that  it  is  quit«  poasible  to 
tljc  two  cliuwM  the  nel>ula  really  hehmgn,  oven 
tet>t  of  the  «]}ectro«cope  hati  In-^a  applied. 

Ainoii^  the  various  other  claaaea  of  nebuLv, 
striking  are  those  known  as  the  Annular,  nr  the  Rinj 
moKl  »-lehr(kted  of  thoM  objortK  ia  found  in  tUe 
Lyni,  and  i(»  ]wsitiun  u»n  he  readily  determinnd 
Nkcteh  of  the  prineipul  ittani  in  the  constellation  (1 
annulur  nebula  belongii  to  tli«  gaaeous  claaaof  obj«c 
ItHL-;!  in  ita  ajtectrum  arc  not  bo  numerous  u  tboxe 
of  Orion.     Wc  here  give  two  attempts  to  tlelineat 
object  (Fig.  88).     The  drawing  will,  at  all  events, 
pose  of  ennhling  the  student  to  identify  the  nebula 
with  it  in  the  heavegs.     f\te  amaller  piotHre  ahow 
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,Tens,  but  it  a  not  to  W  fltippoA^  tliat  it  ia  the  only  m«iQl>er  or 

is  claeH.    Altt>)(etber,  there  are  Bboiit  m  dozen  of  theeo  ol)jecta.     It 

^uis  diStetilt  to  form  any  adequate  conception  of  the  natnre  of 
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I'^g.  87' — lijm,  villi  tho  Aonular  Nobuia, 

such  a  IhuIv.  Tt  id,  liowover,  im)iiMiiiIi1i-  to  vii-w  Uie  annular 
nebulie  without  bt-int;,  ut  all  e\<'nl«,  rt^mind^d  of  tliow  olfc»nt 
vbjecta  known  as  vortex  rini^.     Who  Lua  not  notiM^l  a  (graceful 


V\f.  B8,— Hie  ABnakr  NvUik  in  Lyn. 

rin^  of  etcam  which  occasionally  MCiipca  from  th«  funnel  of  a 
loooraotivr,  and  ascends  liif^  into  the  air,  only  diMolvinf;  sodw  tinu' 
■Iter  the  stcatn  not  so  specialised  has  di>«|i{iT«n>d  ?  Suuli  vortex 
rings  out  bo  prodiiovd  artiliclally  by  a  cubical  lioi,  one  open  side  of 
which  Is  onveri'd  with  canvas,  wliile  on  the  oppuaitc  aide  of  the  l>ox 
is  a  drculur  lioli*.  A  tap  on  tbo  canvas  trill  cause  a  vortex  rin^  to 
start  from  the  bole ;  and  if  the  bos  be  filled  with  aowke,  tiiis  ring 
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will  be  visible  for  many  fiM-t  of  \U  piitJi.      It  would  oriiaiinljt 
too  tnueh  ki  assert  that  the  aonuUr  itehuli»  hAve  any  mli 
to  vortex  rin^ ;  but  if  Ihcy  h»vc  not,  tht-rc  i«,  nt  all  Fotki 
other  object  known  to  us  with  whioh  tlicy  cun  bo  «>in|«rnl. 

'r\w  heavenR  contain  a  number  of  luiaute  but   bnlliut  < 
known  att  the  planetary  n«bulie.     They  can   only  b« 
(jloU-s  of  glowing  bltii)(li-c»lour«l  gae,  entail   cnouf^h  to" 
mistaken  for  it  star  wlirn  viewed  through  a  U*li>»c<>|tc. 
nio«t  TMnarkable  of  them  lie«  in  the  conatellatton  Draco,  i 
t>u  found  hnlf-way  botwren  the  Pole  Star  and  tbe  stAr  7 
Some  of   the  more   recently  discovered  planetary'    nvbuhn 
In^nu'ly  tinnll,  and  they  have  indeed  only  been  diHtinf^ii 
Kmall  Ktars  by  the  spectroscope.     It  u  also  to  be  notic(>d 
objects  are  a  little  out  of  the  stdbu-  focos  in  the  rutr 
scope  in  consequence  of  their  blue  colour.     Tbis  rranark 
apply  to  a  rt'flectin);  telescope,  as  thi»  instnuneDt  condc 
rays  to  a  common  focus. 

There  arc  many  otJier  forms  of  nebul» :  there  ero  long  ■ 
I0U8   rays;    there    are    the  woudroux   spiml   nebulie   which, 
been   disclosed   in    Lord   Rosra's   great   reflector;    tbrrc 
donblj!  nebulre;  there  are  wmt  very  myst^rioUK  vamblo 
But  all   tlicse  %-arious  object*  we  must  merely  dismiss  wtt 
[utx^ing  refer>.-nce.     Tliere  in  a  gniat  diflioulty  in   makinif 
r^prtiteiitalions  of  such  tiebulie.      Most  of  tliem  uro  very  fail 
faint,  indeed,  that  tliey  can  only  be  aeen  with  cloaiv  attentw 
in  powerful  instruments.     In  making  drawinsift  of  these  <ibj«i 
is  impossible  to  avoid  intensifying  the  features  if  nn  iuleL 
picture  is  to  be  made.     VTith  this  caution,  however,   we  |i 
Plate  XVI.,  which  exhibits  several  of  the  more  remarkable  . 
as  seen  ihraugh  Lord  Rosse's  great  teleeeope. 

There  is  one  iiroblem  of  the  very  gmtest  intereat  with 
to  tJie  nebnlie,  which  astronomers  often  turn  o\-er  in  thrir 
and  which  they  aa  often  deapair  of  seeing  satisfactorily 
That  problem  is  this — how  to  find  the  distance  of  a  ncbiili 
difHculties  of  finding  the  distance  of  a  star  arc  so  great,  llia( 
only  by  the  most  lavish  expeodttiire  of  time  and  of  pat 
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can  be  accompltshed  j  but  the  difficulties  are  very  much  greater 

id  apparently  in  surmountable  in  the  case  of  the  nebuls,  and  no 

lethod  has  yet  been  devised  which  will  enable  us  to  solve  this 

lighty  problem.     Our  knowledge  on  the  subject  is  merely  of  a 

i^ative  character.     We  cannot  t«ll  how  great  the  distance  may 

le,  but   we   are  able  in  some  cases  to  assign  a  minor  limit  to 

:hat  distance.     Our  ordinary  measures  of  miles  are  quite  unsuit- 

ible  far  such  distances  as  we  shall  have  to  encounter.     We  must 

call  in  a  far  longer  measuring  tape,  and,  fortunately,  we  have  tme 

well  suited  for  the  purpose.     The  most  appropriate  unit  for  such 

magnitudes  is  the  velocity  of  light,  which  sweeps  along  with  the 

prodigious  speed  of  180,000  miles  a  second.     Moving  at  this  nte, 

bow  long  will  the  journey  take  from  the  nebula  to  the  earth? 

It  is  believed   that  some  of  these  nebulsB  are  sunk  in  space  to 

such  an  appalling  distance,  that  the  light  takes  centuries  before  it 

reaches  the  earth.     We  see  these  nebuls,  not  as  they  are  now, 

but  as  they  were  centuries  ago.     At  this  climax  we  bid  farewell 

to  the  ncbuhe.     We  have  reached  a  point  where  man's  intellect 

begins   to  fail    to  yield    him   any   more   light,   and    where    his 

imagination  has  succumbed  in  the   endeavour  to  realise  what  he 

has  gained. 


TUB    FBECESSIOX   AND   NUTJLTIOIT   OF    THH 


Thir  Pol*  ia  not  a  Piz4<d  Point— lu  EOect  on  tbs  Appanmt 
llm  Illuntnition  of  Ihc   Pcg.top— Tbe  DiMnrhing   Vort*> 
Eutfa— Attmetion  of  tiia  Sun  on  ■  Olotw— llie  J'rvtul: 
Tlw  Attnctlon  of  the  PnAubcnimi  by  tbo  Sun  ntid 
Pi«o«MlnD~Thn  ESfdraojr  el  tho  IVoiMiowd  Afrciil 
OaW  of  \,he  DiBlaDO»— Th«  Hriktlra  Bfial«nojr  ol  ibv  Sun  m; 
Uw  Fola  «l  tbe  Earth'*  Axi*  Rvrolvs*  raand  iIm  Pale  of 
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TiiK  poaition  of  the  pol«  of  tho  heaveni  is  tnoot 
cated  by  th«  briffht  star  known  w  Uie  Pole  Star, 
immeiliate  viduity.  Around  tlii«  pol«  Hie  whole  h^ 
rotate  once  in  a  BidemI  day;  and  we  have  hitherC 
to  the  pole  as  though  it  wnw  a  fixed  point  in  tixi 
lan|ruaf>e  is  sufficiently  eorrvet  when  we  only  emi 
period  of  time  in  our  review.  It  i*  no  doubt  true  th 
near  the  I'ote  Star  at  the  present  time.  It  did  aoS 
of  the  la«t  generation,  and  it  will  do  ao  daring  the  Ir 
geueratioa.  All  thia  time,  however,  the  pole  ia  «t< 
tbe  hcavenx,  s»  tluit  the  lime  will  at  length  cor 
will  l)»ve  <ie)Kirted  a  long  way  from  the  present 
moremeiit  of  tlii>  pole  ia  ineesaaut.  It  can  be  eiunlj 
measured  by  tbe  instruments  in  our  observatories,  an 
arc  fatniliar  with  the  ^t  that  in  all  their  calc*'l«tii>B 
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(ey  of  th«   pole  occiiplci   ttw   ooiiniJontblo   period   of   about 
S67  years.     Tlte  'Irnwjii^  tthowt  tlM  pu«ition  of  the  pole  itt  th« 


4f  tlU-  CMttUal'   I'tlt'  tTrttUttlv  Had'  ai^tit^t^   mar*it^  » 

Fig.  «IP. 


MTeral  dat«fl  itom  4000  B.C.  to  2000  a.d.  A  fflsDoe  at  thin  map 
brings  promiDeDtly  befon  us  how  nraal  is  th«  proximity  of  U>c 
pole  to  the  Pole  Star.  At  prvoent,  ini]ecd,  the  dtstanee  of  the  two 
is  iMtiuilIf  leaseoing,  but  sftcrwanls  the  dtfitaneu  will  ineK«M>,  uatil 


»»t 


some  JJuDulR.OOO  years  b.c,  the  star  a 


Lonking  Iiaclc  into  pnsfl 
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])liu-i'd  to  starve  kb  tbe  Pole  Star,  wben  >9  hiicI  S 
nerved  aa  pointers.     It  need  banlly  be  addixl, 
of  Accurate  astronomy  the  coarse  of  the  p«1e  lias 
over  a  very  small  part  of  the  mishty  circle.      We 
entitled   to  doubt  that  the  motion  of  the    pole 
pursue  the  same  path.     This  will  be  made  abundi 
we  proceed  to  render  an  explanation  of  this  very  q 
menon. 

The  north  polo  of  the  henvcnti  itt  the  point  of 
towards  which  the  northern  end  of  the  axis  about 
rotates  is  directed.     It  then-fore  f<ill<iwii  that  tliiit  u 
Mtantly  changing  its  position.     Tlw  charar(«r  of  tl 
the  utrth,  so  far  as  its  rotation  iii  conoi^niedi  may  be 
very  common  tuy  with  which  every  hoy  is  famili  J 
top  id  set  spinning,  it  ban,  of  course,  a  very  rapifl 
ttK  axin,  but  hefidcx  thiH  rotation  there  ii<  usually  i 
whereby  tlie  axis  of  Uie  peg-top  doe*  not  remaJL 
direction,  but  moves  in  a  conicwl  path  nrouod   tli 
The  adjoininf;  figure  gives  a  view  of  the  pi^-top. 
rotating  with  great  nijiiilily  around   it*  axis,  wbil< 
revolves  around  the  vertical  line  with  a  veiy  deli 
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^t    '^.  of  the  rerolution  of  th«  axis  itnclf ;  in  each  cue  abo  tlio  slow 

fc_         rement  is  due  to  an  external  iiiterfereoce.     Looking  at  the  fi;^rc 

the  pcjjr-top  we  may  ask   the  quMtion,  Why  doe«   it  not  fall 

va  ?     The  obvious  effect  ot  gravity  would  seem  to  say  tliat  it 

_     *itnpo««iblc  for  the  peg-top  to  be  in  the  position  shown  in  tJie 

^^^aw.     Yet  vveryliody  knows  that  this  is  possible  so  long  as  tht 

^*p  is  npinning.     If  the  to]i  were  not  spinning,  it  would,  of  oourso, 

^■^11.     It  thi-refore  follows  that  the  effect  of  the  rajiid  rotjition  of 

'^ahA  top  so  inodilii^  the  effect  of  gravitation,  that  tlm  latter,  instead 

*  *ff    produeiiig    its    iippunjntly   obvious    coosctjUDnce,   causts   the 


U 
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Fig.  90.~IUiiilt&tioii  of  tlM  tnotion  ol  rmnssliiij. 

slow  conical  motion  of  the  axis  of  rotation.  This  is,  no  doubt, 
a  dynamical  question  of  some  difTK-ulty,  but  it  is  eujr  to  verify 
ex  peri  men  tally  that  it  is  tlie  cnse.  If  a  top  be  conatracted  so  that 
the  point  about  which  it  is  spinning,  and  which  eupport«  it,  shall 
coinci<le  with  the  centre  of  gravity,  then  there  is  no  effeotof  gravi- 
tation <in  the  top,  an<l  there  is  no  conical  motion  perceived. 

If  the  earth  wer«  subject  to  no  external  interference,  then  the 
direction  of  the  axis  about  which  it  rotate*  mitst  remain  for  ever 
constant;  but  as  the  direction  of  the  axis  docs  not  remain  constant, 
it  is  necessary  to  seek  for  a  disturbing  force  adt^uate  to  the  pro- 
duction  of  the  phenomena  which  are  oleerved.  We  have  invariably 
lound  that  the  dynamical  phenomena  of  astji^nomy  can  be  arty>unte<) 
for  by  the  law  of  universal  graviUttion.  It  ia  tiierefont  natural  to 
inquire  how  far  gruvilalion  will  render  an  accuunt  of  tlie  pheno- 
menon of  precession ;  ami  to  put  Uie  matter  in  it*  simplest  formj 
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i-ommenoc  wiih  thi*  KKiimption.  It  »(H>mB  also  w 
interior  of  th«  oiirth  is,  o»  the  whole,  lictavJer  th 
portioiiK.  It  is  llivn'forc  rcasuMUe  t4i  u«euine 
iniTenM'M  n*  wo  d4'Mend ;  nor  in  there  any  sut 
thinking  thttt  thu  enrlh  '»  much  hosvier  in  one 
otiier  [lart  ciiiinlty  remote  friim  the  i-entre.  It  is  thS 
such  ciileiihitionB  lu  aj«sume  that  the  earth  ix  forme 
flpbericul  tihtfllii,  ouch  one  cif  which  ts  of  untfonnj 
the  <Ieiisity  decreiiaeK  from  each  shell  to  the  <>tip  ext 

A  globe  of  thiK  voiii'titutioii  being  siibniitti^d 
of  Mme  external  body,  let  tis examine  thv  t^ffectx  whi^ 
body  can  produce.  Suppose,  for  iostanoe,  the  ma  m 
of  thiti  character,  what  movements  will  be  the  reonl 
and  mo»t  obvious  result  in  that  which  we  baveulrra 
diiicusaed,  and  which  is  expreeaed  by  Kepler's  luws  j 
will  compel  the  earth  to  revolve  around  the  sun  in 
oE  which  the  sun  is  in  the  focus.  Wilh  this  movl 
however,  not  at  this  moment  concemwl.  We  mitmi 
far  the  sun's  attraction  will  modify  the  Mrth's  roLuti 
axis.  It  ran  be  demonstrated  that  tin-  Bttniction  ol 
be  powerless  to  derange  the  rotation  of  the  earth 
This  is  a  pmuH  which  can  be  foimnlly  prorwl  bi 
calculation.    It  im,  howevert  aufiicientty  obvious 
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Qtl,  at  all  events,  be  powerlcM  ia  affoot  the  rotation  of  the  earth. 

till)  earth  be  rotating  on    an  axiH,  the  directioo  of  that  axis 

^   «uld  be  invariablj-  preserved ;  so  that  as  the  earth  revolves  aronnd 

9  «ie  Bun,  it  would  still  continue  to  rotate  around  an  axis  which 


K»ys  remained  parallel  to  itself.  Xor  would  the  attraetioo  of  the 
^Mfrtli  l>y  any  other  body  prove  more  cfGcacious  than  that  of  the 
^B^n.  If  tlie  earth  really  were  the  synimctricnl  (>lol)o  wv  Iihvc 
^^jpptmetl,  then  the  attraction  of  the  sun  and  moon,  and  even  llie 
^^itlurni-e  of  all  the  pinneta  aa  well,  would  never  1h>  ('oni]>et«'nt  to 
^  lake  the  earth's  axis  of  rotation  sworvi:  for  a  sin({l«  eccuud  from 

I  .ta  ori^nal  direction. 

^       Wr  have  thns  narrowed  very  cIoM-ly  the  awireh  for  the  cause  of 

.    ihc  "  pri-ocssion."     If  the  earth  were  a  jit-rfeet  xphc re,  precession 

vuuKl  W  inexplicable.     Vic  are  therefore   forced   U>  wck  for  an 

.explanation  of  procession  in  llui  fact  (hat  tlie  nrtli  is  not  a  perfect 

SvplMire.  This  we  have  already  dcmonrtnttol  to  be  the  case.  We 
have  ohown  that  the  etjiiatorial  axis  of  the  earth  ia  longer  tlian 
the  polar  axis,  so  that  there  ia  a  prottibcnint  zone  j^nlliiig:  the 
Miuator.  Th«  attraction  of  external  bodies  ia  able  to  ^rrasp  thi» 
*   protuberance,  and  thereby  force  the  earth's   axis  of  rotation   to 

II  change  its  direction. 

■  Ttiero  are  only  two  bodica  in  the  universe  which  sensibly  cod- 
f  tribute  to  the  preccssional  movement  of  the  earth's  axi» :  tlurms 
'  Ixxlie*  arc  the  stni  nnd  the  moon.  The  shares  in  which  the  labour 
K  borne  by  the  Miin  iind  the  moon  are  not  what  miifbt  have  been 
expected  from  a  hasty  view  of  the  subject.  This  ia  a  point  on 
wbieli  it  will  he  dmrable  to  dwell,  as  it  ilhislmtes  a  point  in  the 
tiu-ory  of  i^rmvilatton  which  ia  of  very  considemble  importance. 

The  law  of  gmvilation  aoserta  that  the  iutt-nsity  of  the  attrac* 
tion  which  a  body  can  exereive  is  directly  proportional  tii  the  mans 
of  that  biMly,  aixl  inversely  j^roportioiial  to  the  I'luare  of  the 
dijitancc  <>f  the  atlractnl  iH>int.  \\c  can  thus  compare  tliu 
attraction  exerted  upon  Uie  earth  by  tl»c  sun  and  by  the  moon. 
Tlic  mam  of  tlie  sun  exceeds  the  piaaa  of  tlie  tnnon  in  tlie 
projM>rtion  of  about  t6,W0fit)0  to  1.  On  the  otlwr  band,  tlie  m»on 
is  at  «  dt«t«ic«  which,  oa  an  avenigc,  it  about  one*d8(ith  [Htrt  of 


I 


Eut  vrhen  we  come  to  ihtA  {HU-ticuIitr  eCFcct  of 
is  competent  to  produce  prcvLiwiim,  we  fincl  that 
the  efficiency  of  the  attracting  body  is  computed^ 
form.  I'ho  mcaenre  of  efllcioncj-  in,  in  this 
taking  tbe  tnstM  of  the  body  aiid  dividing  tt 
distance.  The  complete  dcmonstnlioii  of  this  btaiS 
eoiight  in  the  formulu;  of  matbcmattc^,  and  cannotJ 
into  these  pages :  we  nay,  liowerer,  adduce  oofl 
which  will  enable  tlie  rcad«r  in  M>ii>e  decree  to  ai 
principle,  though  without  pretending  to  I>c  a  demonal 
accuracy.  It  will  be  obvious  tluit  the  uvauvr  the 
approaches  to  the  earth  the  greater  is  the  iever 
use  tbe  exproision)  which  is  afforded  by  the  protK 
eqtiator.  The  i-fficieiicy  of  a  given  fon-e  will,  th« 
account  alone,  incmiwv  in  the  inverse  proiHirtion  o| 
The  actual  intensity  of  tlie  force  itself  ati^nwQta 
equuro  of  the  dintanc*,  iind  hence  the  ca[MRity  of 
body  for  producing  [ireoeswou  will,  for  a  double 
when  the  di«Uincc  decnsutee.  Suppose,  for  cxar 
disturbing  Itody  in  brought  to  half  its  oripiuU  die 
disturlfod  body,  the  leverage  is  by  this  mains  doubl 
actual  intensity  of  the  force  is  at  tbe  same  time  4]uadn 
injc  to  the  law  of  gnivitation.    It  irijl  follow  tb^^  |)| 
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^6,000,000  times  u  great  as  th«  mass  of  the  diood,  yet  when 

^9  Dumber  is  divided  by  the  cube  of  the  relative  value  of  the 

*tance«  of  the  bodies  (•tS6),  it  ie  seen  that  the  efficiency  of  the 

is  more  thu  tn-ioe  as  gmt  as  that  of  the  sun.     In  other 

rhids,  we  tnny  say  that  one-third  of  the  movement  of  preceesioD  is 
«  to  the  aun,  and  two-thirds  to  the  moon. 
■fci/    For  the  study  of  the  joint  preeeasional  effect  due  to  the  sun  and 
'  tt»e  moon  acting  simultnoeously,  it  will  be  advanta^ous  to  consider 
■kAie  effect  produced  by  the  two  bodies  separately  ;  and  as  the  case  of 
•  flpe  onn  is  the  simpler  of  the  two,  we  shall  take  it  lint.     As  th< 
l^fcAith  rotaU-8  id  lis  annual  ]«8th  around  the  sun,  the  axis  of  the 
b^arth  is  directed  to  a  point  iu  the  heavens  which  is  always  i^^" 
^Tom  the  pole  of  tha  ecliptic.     The  precoasional  effect  of  tho  sun  is 
f  fCo  cnuM  tho  pole  of  the  earth  to  revolve,  always  prcscrvinf;  the 
.  «9iiiie  angular  distunoe;   and  thus  we  have  a  motion  of  the  type 
—represented  in  tlio  diafrram.     As  tlie  ecliptic  occupies  a  jiosition 
^1  which  for  our  prcwnt  purjKwe  we  may  retard  as  fixed  in  space,  it 
fallows  that  tlw  polo  of  the  ecliptic  is  a  fixed  point  on  the  surface 
1^  of  tite  hcavvna ;  to  that  the  path  of  the  pole  of  the  earth  must  be 
'  a  suiatl  circle  in  the  hcavenK,  fixed  in  it«  position  relatively  to  the 
ri  surrounding  «tars.     In  this  we  Gnii  a  motion  strictly  analogous  to 
that  of  tltc  pi-f>-top,     It  is  the  gravitation  of  the  earth  acting  upon 
I    the  {>rf;-top  which  forces  it  int4>  the  conical  motion.   The  imnwdiate 
^    effect  of  the  gravitation  is  so  modified  by  the  rapid  rotation  of  the 
top,  that,  in  obedience  to  a  profound  dynamical  principle,  the  axis 
of  the  top  rerolvea  in  a  cone  rather  than  fall  down,  as  it  would  do 
wore  tlie  top  not  spinning;.     In  a  similar  manner  the  immcdiat« 
effect  of  the  sun's  attraction  on  the  prutuberanco  at  tho  equator 
would  be  to  bring  the  pole  of  tlio  earth's  axis  towaids  ttic  pole  of 
the  ecliptic,  hut  the  rapid  rotation  of  tlw  enrth  modifies  this  into 
the  oonical  rotation  of  pnwession. 

Tito  circiiinstjincM  with  rc^rd  to  tJio  moon  ar«  mueli  morA 
complicat^vl.  The  moon  describes  a  certain  orbit  around  the 
earth;  tlutt  orbit  li«s  in  a  onlain  plane,  and  that  plaiM  has,  of 
Ooune,  a  certain  pide  on  the  oolostial  •phero.  TIm  proeoaaiona) 
eSuvt  of  the  mooa  would  acoonlingly  t«ud  to  maktt  tfaa  pola  ol 


arefufl| 


iHiis  Beem  tliut  tho  eaHhV  pole  kJiouIcI   mate 
movement  <lui.'   to   tlio  two  K-parate    movement 
the  case,  but  llierc  i>i  a   point   to  Ik;  very  car 
n-liich  at  limt  MirniN  nimoxt  [KinuJoxioal.      'We  hkve  |] 
jiotvncy  of   the    moon   m   a    pK>oes)iionat    agent 
tho  mm,  ami  tli^rcfont  it  miglit  be  thought    titi 
movement  of  tlio  (sirlli'*  pole  would    cnofonn 
rotntioa  around  the  pole  of  lli«  ptane  of  the   mt 
to  a  TotmtioD  around  the  pole  of  the  ecliptic ;  bt 
caac.     llie  preec&iional  mflvcment  is  found  to  be  al^ 
rcprvHeHlvd  hy  a  revolution  around  the  pole  of  tt 
Hliown  in  the  li^ure.     Here   i»  a  {mint   which 
iittvnlion,  for  in  it  lies  the  germ  of  one  of  the 
iiistrgiiomical  discoveries. 

The  plauc  in  which  the  moon  revolve*  does  no 
utant  position.    Wo  are  nut  here  specially  eonoorned 
(if  this  change  in  the  plane  of  the  moon,  hut  the  cli 
movement  must  be  enunciated.     The  inclinution 
the  ecliptic  is  about  5",  and  this  inclination  does  not 
line  of  inteisection  of  the  two  planes  does  vary,  and|| 
Ro  quickly  that  it  completes  a  revolution  in  ul>out  It 
movement  of  the  plane  of  the  moon's  orbit  neecami 
spoiiding  chanfj^  m  tlie  position  of  iU pfUs, ,    Me  iJuii 
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■Ich  id  ttiwlf  in  conKinnt  motion.  It  fort«n»t*ly  happens  that 
•  oiroumiil»n<!i'«  of  tli«  (ium;  iirt-  ^iwrh  at)  to  coDHidcrably  reduce  the 
'*»plt'xity  of  Itie  prHblem,  Tlitt  rnovcmont  of  Uie  moon'*  plane, 
ccvupj'iiig  aboHt  ISJ  y<-iir*,  in  a  vi-rjf  rapid  motion  compared 
the  wlioli-  ]>n>ccMi»Tial  movctncnt,  wliioh  occiipio  about  lIfi,UOO 
^*  aan.  It  fcilIowK  that  I)}-  the  tinic  the  i-nrlU')i  axis  hat  completed 
^Mt<e  circuit  of  it*  mitj«*tic  cone,  the  pole  of  the  moon'a  plane  vnll 
^^wve  |,rone  round  nWut  1,100  tiinm.  Now,  aa  thin  jxde  rwilly  only 
7  ^scribes  a  ooinjHimtivfly  Mmall  cone  of  5"  in  m<lia«,  we  may  for 
B«  J  first  approxiinntioTi  talco  the  iivcnj^  position  which  it  oocupice; 
^B'^t  t'^i'  »vcmp>  position  is,  of  course,  ttiv  centre  of  the  circle  which 
dg  ^  deacribm — that  is  the  pole  of  the  ecliptic. 

mg  We  thiiM  nee  tlutt  the  average  proceMionil  effect  of  the  moi>n 
itn])ly  coiHpirest  with  that  of  the  sun  to  produce  a  revolution 
round  the  imle  of  the  tvliptic.  Tlie  f>roi»er  ptiiMiomena  of  the 
ovemontft  of  the  wirth'n  axix  are  to  lie  explained  hy  the  uiii- 
'orm  n'v'ihitiiin  of  the  j)olc  in  a  cireular  i»th;  hut  if  we  make 
minute  examiiiiilioii  of  the  track  of  the  earth's  axia,  we  shall 
Had  thai  though  it,  on  the  wbolc,  conforms  with  the  circle,  yet 
that  it  really  Imcea  out  a  delicate  ninuouB  line,  sometimM  on 
IIh'  inoido  and  wimetiineit  on  the  outaide  of  the  circle.  Thi« 
delicate  movement  ariwes  from  tlw  eontinuoua  chan)^  in  the 
place  of  the  pole  of  the  mofin'a  orhit.  The  period  of  these 
nndulattona  \»  IK]  ymn*,  atrrxving  exactly  witJi  the  period  of  tim 
rovolution  of  the  inoon'a  noilca.  The  amount  hy  which  the  pole 
departs  from  the  circle  on  cither  aide  is  only  about  9'2  aeconds — a 
ijuantity  rather  leaa  than  tl>e  twenty-thousandth  |)art  "f  the  rndiua  of 
the  circle.  Thia  phenomenon,  known  as  "  nutation,"  was  diiK-overed 
hy  the  beautiful  teleacopie  researches  of  Bradley  in  1747.  Whether 
we  look  at  the  theoretics)  interest  of  the  Eultjuct  or  at  tlw  teKne- 
meot  of  the  olwerr-ations  involved,  this  ai-hievcmciit  of  the  "Vir 
ineomporabilie,"  as  Bradley  has  been  <«llcd  by  BencI,  is  ooe  oE 
the  masterpieces  of  astronomical  genius. 


r  » 


TRB  ADEUR-tTION    OP    UGliT. 


The  Benl  anil  Apparvnt  Unvranont*  of  Ih*  Stan^Ho'V  ih«r  i 
AbdrratloQ  pn)dnc«  EffrcU  dcpcndRDt  on  tho  PosItJaa  i 
of  Uw  Bdiptio— Abrmtiun  nuike  SUtn  wtcnu)  to  If  ov»  1 
or  «  Stnight  Lin*  iiccoHIiig  lo  Pixltlun— All  the  EUif 
AxM— How  1*  UiM  Moi>Mii«nt  to  bo  EKplnfiXMl  f — fir 
troin  Annul  Punllui  — The  Apex  of  llu?  Kuth^  Vfm.^ 
Explained  li>-  the  Veluciljr  of  l,iiilii_Hi>w  tho  Semis  of  Of 
be  Mrawut"!  by  th«  Abemtlon  at  1  jjtbt. 


ICOVM 

•ible  T 


Wb  have  in  thiit  chapter   to  narrate  a  dtscov< 
charstctrr,  which   illustratt^B   in  a   vi-ry    Fon?jLIe 
the  great  fiimlftitK-tital  tnitlis  of  Astronninj'.      Oi 
will  naturally  he  divuled  uilo  two   port*.       In 
must  di-£cril)e  the  nature  of  the  ph«noinvnon, 
givf  the  oxtremely  clegaut  exptanatinn   affortlec] 
of  li^ht.     The   teleKopic  discovery  of  alii'rratic 
explanation,  are  both  due  to  the  illustrious  Bradlc 

The  expression /xcrf  etar,  so  ofton  used   in 
reccivod  in  a  very  qualififd  sense.     The  Btar«  ai 
Hxvii  in  their  places,  so  far  iis  coarse  ohservation 
lineaments  of  the  eonsti^llations  remain  uu<;hiui| 
and  in  contrast  with  the  oeawleas  movements  of 
are  uot  inappropriately  calk-d  fixed.     We  bnve, 
tiutn  one  occaaion  to  flhow  throughoufi  i\if  niintl  f 
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at«  the  r»1  inDr«in«nt«  of  tlicw  Ixxlics.     Thcoc  inovoinont«  arc 

winl  \o  •.-acli  Klar,  m  that  two  Hlnm,  although  vlonce  togeUicr  in 

p  hvav«ni,  may  diffiT  id  the  widwt  d<>|rrec  u  to  One  reiil  inovc- 

tnU  which  tli«-y  [xwkcnm.     It  may,  tiwlrad,  )M>Enolim«s  happvii,  o» 

,r.  Proctor  lion  |ioititc<I  out,  that  slnra  in  a  certain  n%\aa  ar* 

timntc<cl  with  »  comrnon  movement.     In  this  phenomcnoD,  whi«h 

^H  l>een  tiAU^A  »tnr-4lrift  by  iljt  discoverer,  we  Iiave  traoes  of  a  real 

l^^aovemcnt   Hlmrtd   in   \>y  a  iuiiiit)er  of   Htara  in  a  certain  ^roiip. 

■^iiiVitb  this  i'xccj>tion,  however,  the  real  movi-mcnls  of  the  stan  are 

*^Tenwd  bjr  no  ayHtcmatio  law,  and  tlie  rapidly  rotatinif  binary 

F«_^(tarv  and  the  otlier  ra]iidly  moving   Stan  are  scattered  here  and 

'^  Mhere  indiBcrimtnately  over  the  heavens. 

^  The  apparent  movementa  of  tJie  stars  liave  a  different  character, 
■'  inumnch  oa  wc  lind  the  moveroent  of  esch  star  determined  by  the 
B  place  which  it  occupiee  in  the  heavens  and  not  by  the  individual 
P  foatnrcs  of  the  particular  object.  It  is  by  this  means  that  we  can 
1^  readily  discriminate  the  real  movements  of  the  star  from  its 
I  appari'nt  movements,  and  examine  the  character  of  both. 
^  In   the  prctwnt  eliapter  we  are  c<>nc«m«-d   with   the  apparent 

,  movements  only,  and  nf  these  there  are  three,  due  reMprctivcly  to 
li  precession,  to  nutation,  and  to  aberration.  Each  of  th««c  apparent 
movemcnta  obeys  laws  jxvuliar  to  itself,  and  tlias  it  become* 
powihte  to  analyse  the  total  apparent  motion,  and  to  dieenminato 
the  proportions  in  which  the  precession,  the  nntatiun,  and  tite 
aberration  have  severally  contributed.  We  arc  thus  rnabM  to 
iM>tate  tlie  effect  of  aberration  as  completely  as  if  it  were  tlte  bo1« 
agent  of  apparent  displacement,  t^a  tliat,  by  an  alliance  hclwemi 
matliematkiil  oilrulalion  and  astronomical  obwcrvation,  we  ran 
study  the  effeota  of  aberration  n«  ckmrly  h  if  the  stars  wvrv 
affected  hy  no  other  niotiimi. 

CoueentratiDg  our  altifiiion  solely  on  tbo  phcuoiuena  of  aberi^ 
tion,  we  shall  dHorilw  >t«  jiarticuhir  effect  n|H>n  stars  in  diffennt 
rej^ions  of  the  sky,  bimI  thiu  aHvrtain  the  laws  acvordiiiff  to  which 
the  effects  of  alierrntion  are  exhibited.  Whni  this  step  has  been 
taken,  wo  shall  be  in  a  piisition  to  ^ve  the  beautiful  explanation  of 
tlioM  laws,  dependent  uikki  the  velocity  of  \\^\i, 
t  r  i 


"HfeR'H  vny  lilifiiile:  it  WMiia  UKA  ikotti«ibtDp 
cirdM  t4>f^bcr  to  form  bii  ur«a  r4)unl  to  Uie ; 
ExprtvKcd  in  tlii'Ufliuil  gu^tmiwrniva)  lun^in^,  w« 
diameter  of  tliU  smM  cirvli-  >»  about  -10-!>  seoonc 
4|iiaiitity  which,  thnu^li  smtil)  to  tlie  urinidcd  o\ 
grvnt  relative  maghiludc  in  tti«  pn«eiit  xtutu  of  fa 
It  is  not  oiilj'  lar^  enough  to  be  i>erocivedj  but  9 
with  an  n<'eunu'y  which  actually  iWs  not  tidmit  a 
huLi3i-eilth  part  oi  the  whole.  It  ia  alito  obeerve 
defcriWe  its  little  drele  in  preeieoly  the  Mtne 
that  poriod  is  one  year,  or,  id  other  worda,  tho 
tion  of  the  earth  around  the  sun.  It  ia  found  i 
in  thisi  TTf^ion,  be  they  hrge  stars  or  small,  xin^l 
or  coltinrcd,  the  eirelcs  apprxipnate  to  each  finve 
and  are  all  dmeribiKl  in  the  Kume  time.  £vou 
would  be  manifest  that  the  vAusv  of  the  plienc 
in  lite  Ktar  it«elF.  This  tninnimily  in  stars  ol 
and  dialonce  requires  some  kimpler  explanjttiou . 

Further  examination  of  t>lar«  in  difTiTcnt   rtr^ 
li^ht  on  the  subject.     As  we  proceed  from  tlie  [m 
we  still  find  that  each  star  exhibits  an  annua) 
eame  eharacter  as  the  stars  just  considered.     Id 
ever,  there  ia  a  diffeivnce.    The  apparent  path 
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I^s  tvUiiiti  iUf  oHffiiial  loogth.     It  is  ftlwayi  eqtuil  to  about 
I^KooDds,  that  ix,  to  th«  dianwlt-r  i>f  th«  circ-lv  of  aliomtioD  at 
i»ole  itself,    A«  we  |)ro(.i)L-d  further  uii]  furthvr  fmm  the  pole  of 
jcliptic,  we  find  tlmt  vxch  aUr  do^t^riboit  a  jxitli  nioiv  itiid  nion> 
ntric,  Dntil  at  knglli,  wlion  wv  i-s>i»iD<>  %  vUr  on  llii'  evlijitic. 
^.  ellipse   has   become  ku  utU-nuiitcd  Hint  it  Iuin    tliitli.i)i,>d  into 
M.     Kacli  ittar  which  happens  to  lie  »q  the  iv.-liptiv  NwHIIatot  to 
^     .  fro  aitiBff  the  eriiptic  lhruu);h  an  ainplitiidi.'  nF  Ml  9  s<>cotuli. 
^^   If-a-yeur  aecomplitthuK  the  j<>iirn<-y  <itiu  wiiy,  uml  the  ntluT  Imlf 
the  year  resUym  tho  ittar  to   it«  original  {loiiitiuii.     Wlien  we 
atv  to  stifB  on  th«  other  side  of  tlic  eeliplie,  we  a«e  tl>c  rame 
rice  of  elian)^<«  proceed  in  an  inventc  order.     The  ellipse,  from 
linj^  a<.-tually  linoar,  gradually  grown  in  nidtli,  though  still  pre- 
•rvinK  the  same  length  of  major  axis,  until  at  length  the  stars 
'car  the  soatiiero  pole  of  the  ecliptic  are  each  found  to  describe  a 
^rete  equal  to  the  ]ntha  ]>ureued  by  the  stars  at  tlie  oorth  pole  of 
^^  -ho  ecliptic. 

^'  The  circiiniBtanoc  that  the  major  aice  of  all  these  ellipses  are  of 
^"Vqual  length  fiug<;cet«  a  «tilt  furtbrr  simplificattoD.  Let  us  suppose 
""that  every  »tnr,  either  nt  the  pile  «f  the  ecliptic  or  elsewhere, 
••  pursues  nn  absolutely  circular  path,  and  that  all  these  circles  agr(?e, 
'*  Dot  only  in  magnitude,  but  also  in  being  all  parallel  to  the  plane  of 
the  ecliptic :  it  is  easy  to  sec  that  this  simple  supposition  will 
■*  account  for  the  observed  facts.  The  stars  at  the  pole  of  the  ecliptic 
*   will,  of  course,  show  their  circles  turned  fairly  towards  us,  and  we 

(sliail  see  tiiat  they  pursue  circular  pnthe.  The  oirculur  putbs  of  tli« 
stars  remote  from  tlie  pole  of  the  ecti]>tic  will,  however,  be  only 
seel)  edgewise,  and  thus  the  apparent  paths  will  be  elliptical,  as  we 
'  actually  find  them.  We  can  even  calculate  the  degree  of  ellipticity 
which  tliis  surmise  would  r«.-c[uin>,  and  wc  find  that  it  coincidtv  willi 
the  observed  ellipticity.  I'iruiily,  when  we  oWrvc  itars  actually 
moving  in  tlie  ecliptic,  the  circles  they  follow  would  be  Mjvn 
edgewise,  and  tlius  tlie  stars  would  have  merely  iIm:  linear  inovo- 
ment  whtcli  they  are  seen  to  possww.  All  tlie  obserrt-d  pheno- 
mena arc  thus  found  to  bo  pomplrtely  cnnsisteut  with  the  HUpjKf- 
■itioa  that  every  star  of  all  llie  millions  iu  the  hcavvus  doscribes 


dystematio.  "Why  ia  it  tliat  each  Ktor  shoulfl 
small  circular  path?  Why  should  that  i>Htli 
ecliptic  ?  Why  should  it  be  completv<l  cxactl  vj 
We  are  nt  once  referred  to  th«  motion  of  the  i 
That  movement  takes  place  iu  the  ecliptic. 
year.  The  coiDOidenoee  are  >0  obvious  that  vf«  fe 
compelled  to  connect  in  some  way  this  upparei 
etara  with  the  onnunl  movement  of  the  imrthl 
there  were  no  euch  connection,  it  would  be  ii 
improbable  that  the  plnnes  of  the  circles  ulioul 
the  ecliptic,  or  that  the  time  of  revolution  of  ettol 
should  equal  that  of  the  revolution  of  the  cart] 
Ae  both  thctw  conditions  are  rulGlled,  the  pi 
ncction  rieee  to  n  value  almoft  inliiiit«. 

The  importiiiit  question  ha*  then  arisen 
mcnt  of  the  i-nrth  around  the  mm  should 
remarkable  n  manner  with  thix  uiiivonoil  etar 
hero  one  obviouB  point  U>  \>o  notieixl  and  to  be  diS 
in  a  previoug  diupler  dixcuMK-d  the  im]iort«ut  i)ue« 
piirullax  of  elans,  aiid  wc  have  shon'O  bow,  id 
]iiirallax,  L'ach  etar  (leecribcti  an  ellipse.  It  can  n 
Htrattd  timt  these  ellipsea  arc  mlly  cirolett  piiralU 
to  that  here  we  might  hastily  OMiime  that  imnij 
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'  ^^katavsi  pamlUx  will  not  aJIoid  an  ade(|uate  explanation. 

*^uld  also  be  noticed  tliat  the  movementa  of  a  star  prMJUCed 

^inual  lurallax  are  very  much  emaller  than  those  due  to  aberra- 

^ViTbvrv  is  nut  any  known  star  whose  circular  path  due  to  annual 

4|bix  has  a  diameter  onv-twentieth  part  of  that  of  the  circle  due 

bMMTkttoD ;  indci-d,  in  the  i;^ut  majority  of  cases  the  parallax 

MfO  star  ia  a  ({uunlity  absolutely  insensible. 

^rhvrc   is,  however,  a  xtiU  t^nivcr  and   quite  insuperable  dis- 

^tion  livtwvcn  the  iMtralliietic  path  and  the  aberrational  path. 

e    UB,  for  simplicity,  think  of  a  star  situated  n«ar  the  pok-  of 

0  ntliptjc,  and  thuM  apjwarinff  to  nn'olvo  annually  in  n  circlv, 

;hcir  wc  rc^^urd  cither  the  phenomenon  of  parallax  or  of  aber- 

t  ^^n.     As  til e  earth  n-volviw,  srj  docs  tlie  star  rovolvc;  and  thut 

^     each  pliiev  of  the  earth  in  its  orbit  currvsponds  a  certain  place 

^^'  the  atar  in   its  circle.     If   the   movement  arise  from  anniud 

1^  arallax,  it  is  cany  to  tee  where  the  place  of  tlie  star  will  be  for 

ny   pooition   of   tlie  earth.      It  is,   however,   found  that  in  the 

^^aowment  diacovered  by  Bradley  the  etar  never  has  the  jMsition 

which  [larallax  assigna  to  it,  but  in,  in  fact,  a  quarter  of  the  vir- 

euniferi<nce  distant  therefrom. 

A  Hiniple  rule  will  tind  the  prwition  uf  the  star  due  to  aberration. 
Prnw  from  the  centre  of  the  circle  a  nidliiit  parallel  to  the  direction 
in  which  the  earth  is  moving  at  the  moment  in  question,  then  Uie 
e^trvinity  of  this  raditia  (rive*  tlie  ]>oint  on  the  circle  where  the  Htar 
in  to  be  found.  Tmtvd  at  all  avnaona,  and  with  all  Htan,  this  law 
a  is  found  to  be  always  verified,  and  by  its  means  wo  aie  vunductod 
to  the  true  explanation  of  the  phenomenon. 

We  can  enunciate  the  effects  of  aberration  in  a  aomewlut 
different  manner,  which  will  show  even  more  forcibly  how  the 
phenomenon  is  connected  with  tlic  motion  ot  the  earth  in  its  orbit. 
As  the  earth  pursues  its  annual  course  around  the  sun,  its  move* 
ment  at  any  moment  may  be  regarded  as  directed  towards  a 
curtain  point  of  the  ecliptic  From  day  to  day,  and  even  from  honr 
to  hour,  thu  ]wint  gradually  movea  along  the  ecliptic,  bo  as  to 
complete  ihc  circuit  in  a  ymr.  At  each  moment,  however,  there  is 
always  ■  eeriuiu  jwinl  in  the  henvetut  towanla  which  tho  carth'a 
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motion  is  directed.     I(  is,  in  fact,  the  j'oiiit  <m  th*  i 
towanls  which   the   earth  would  travel     (.•<>» tin ikm 
moment,  the  attraction  of  the  sun  could  bo  nnniliilatii 
that  this  point  ie  intimatirly  connected   vrilli    tJie 
aberration.     In  fact,  thv  alicrrntion  is  really  avjtiii 
eitc'h  Btiir  from  its  mi-an  [ilace  townrde  the  a|M'X  or 
a3  tb«  point  is  somotimce  termed.     It  can  alBO  bi>  «l 
ration  that  the  amount  of  aWrrotion  dcpenclB  tij 
from  thr  apox.    A  stjtr  which  hiipiwitt-d  to    lie  on 
not  bv  at  ull  deranged  b/  aWrnitioii  from  its  mot^ 
it  hap[VDK  tha.t  tlie  npux  coincideti  witli   the  at^r. 
lO''   from  the  ajws  will   lie  displaced  i^ioh    by  the 
ami  nil  directly  iu  towanls  tbn  apex.     A  star  SM" 
will  undergo  a  larfrer  decree  of  dispWwmcnt,  thouj 
Mime  direction,  exactly  towards  the  apex  ;  imd  all  stu 
diKtanoe  will  be  displaced  by  the  Gune  amnunt. 
from   the  apex,  we  come  to    stars   at  a    dietatict^ 
from.     Here   tlie   amoaot  of  displacement   will    be 
Each  one  will  be  about  twenty  seconds  from   its 
but   in  every  case   the  imperative  Uw  will   ho  oboye 
difiplacemcnt  of  the  i^lar  from  its  mean  place  lies  to\ 
of  tliv  earth's  way.     W'c  Iiavc  thus  );iven  two  distin< 
of  the  jtlienomenan  of  aberration.     In  the  fintt  we 
veniont  to  speak  of  a  star  as  describinf;  a  minute 
in  the  other  we  have  regarded  aberration   mi    tnervl 
to  a  deran^ment  of  the  star  fmm  its  mean   place 
with  specified  laws.     Tliese  des<!riptions  are  not   Jncoiiij 
are,  in  fact,  geometrically  equivalent ;  but  tlie  latter  < 
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Tlie  beam  of  mys  from  a  elar  f»1U  on  the  objeci^liBS  of  a 
*sco|>e;  tboae  nys  arc  parallel,  and  aftur  tbey  pass  tbroogti  Uiu 
^  -a^ect-gliiiia  I  hisy  converge  to  a  focus  near  the  eye  en*!  of  the  iiurtru- 
^■dtot.  Let.ufl  first  suppoac  that  the  telescope  is  at  rest ;  iheo  if  the 
^b^escope  he  pointed  directly  towards  the  star,  the  rays  will  converjro 
|pB<  a  point  at  Itie  centre  of  the  field  of  view  where  a  ]air  of  ctof» 
Ajtirea  are  pliiccd,  whose  interwction  defines  the  axia  of  the  telescope. 
lAihe  Miee  will,  however,  be  altered  if  the  telesenpe  he  movi'd  after 
^«,ie  li[fht  hoA  passed  through  the  objective ;  the  rays  of  light  in  tlii; 
flM^tcrior  of  the  tube  will  pDrsuc  a  direct  path,  as  before,  and  will 
^barooecd  to  a  focus  at  the  same  precifv  point  as  W-furv.  As,  how- 
>^jvcr,  the  telescope  has  moved,  it  will,  of  cour«e,  havi-  carried  with 
r«i>t  the  pair  of  cross  wires ;  they  will  no  longer  be  at  the  same  [xiinl 
^JUi  at  first,  and  conscsjucntlv  the  iinago  of  the  star  will  not  now 
l|g<x>incide  with  tJieir  interseettoo. 

fTlic  movement  of  the  telescojie  arises  from  it>  i-onncctioii  with 
the  earth ;  for  as  the  earth  hurries  along  at  a  speed  of  eighteen 
^  mile*  a  second,  the  teleaoope  ia  necessarilj'  displaced  with  tim 
velocity.  It  might  at  fu«t  bfl  thought,  that  in  the  inomlibly 
fmall  friiction  of  time  necessary  for  light  to  psM  front  the 
tibji'ct-giium  to  the  eye-piere,  the  change  in  the  podtioo  of  the 
li^lcMxijw  must  be  too  minute  to  be  appreciable.  Let  us  supjtose, 
for  instance,  ihat  the  star  is  situated  near  the  pole  of  the  ecliptic, 
then  the  teli'M^tjie  will  be  conveyed  hy  the  earth's  motion  in  a 
dirvction  perpendicular  to  its  length.  If  the  tube  of  the  iostru- 
ment  be  about  twenty  feet  long,  it  can  be  readily  demonattatod 
that  during  the  time  the  light  travels  down  the  tube  the  move- 
ment  of  the  earth  will  convey  the  telescope  through  a  distance  of 
about  one-fortieth  of  an  inch.*  This  is  a  quantity  very  distinctly 
meaanrable  with  the  magnifying  power  of  the  cyc-]>icce,  and  hence 
this  derangement  of  the  atar's  place  ia  very  a|)i>reciablc.  It  there- 
fore follows  that  it  w«  wish  the  alar  to  be  shown  at  the  centre 

*  As  tin  outb  o«Tri<«  en  the  t«kacop«  at  Ibe  Tatn  ol  IS  mtlM  s  wKotxl,  ami  •» 
ll|U  tDDVM  wUli  tlw  TiilocUf  a(  IMOAOO  mOca  a  mtomi  -nrf  acartjr,  tl  follvvi  tkiti 
th*  *«docat)-  of  tlio  t*ilcM«p«  Ih  sboul  ma  Mn-thoaanitUi  i>ut  of  Uut  of  light. 
UliUo  tlie  UghL  oHiTes  d»wa  Uia  lul«  Id  tanl  )n«f ,  ibt  b4nK«i>o  will  tbcmftow  Imv« 
movod  tha  ton-lbouaadlh  pait  <l  14  foul    ij.,  Um  (wtiDtli  uf  sa  nwlk 


b 
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earth. 

Every  circumetance  oF  Uie  change  in 
complete  cxpluDitt.ion  in  Uiw  manner.  Talee^ 
circular  path  whicli  moh  star  appears  to  deacrib«. 
Himplioity,  refer  only  to  the  star  at  the  pole  of  tlio  ed 
tltitt  tilt.'  tflesoope  is  pointed  truly  to  tbe  place  of  tbi 
we  have  Bhown,  the  image  of  the  etar  will  he  at 
one-fortieth  of  an  inclt  from  tbe  cross  wires.  Thii 
remain  constant,  butc&cli  night  tbe  direction  of 
cross  wires  will  change,  bo  that  in  the  course  of 
plet«s  a  circle,  and  returns  to  its  onginnl  powitioi 
pursue  the  calculations  rchktive  to  otlier  stars;  mif 
that  the  movement  of  tJic  earth  bus  been  fouii<l  luleqi 
for  the  phonomenii,  and  thus  the  doctrine  uf  the  at 
is  demo Dstrii ted. 

It  remain*  to  nllude  to  one  point  of  the  uti 
importance.     We  have  seen  that  th«  ma^itude  ol 
can  bu   munsurcd   by  astronomies]   observation. 
dcpentU  u])oii  the  velocity  of  li|;ht,  sjtd  on  tlio  vel< 
the  varth's  motion  is  performed.     \^'e  can  ineasui 
light  by  indeiH-ndent  mtA«urement«,   in  the    mac 
plained  in  Chapter  \II.     We  ore  thus  enabled   to^ 
the  Yclocity  of  Uic  citrUi  moat  be.  fur  tliere  ig  only  ; 
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'Undly  the  varioiu  phenomena  of  scieDce  are  iaterwoveD.  We 
i  ezperimente  in  our  laboratory,  and  find  the  velocity  of  light, 
'obaerve  the  fixed  etare,  and  measure  the  uberration.  We  com- 
the«e  results,  and  deduce  therefrom  the  distance  from  the 
h  to  the  Bun  I  Although  this  method  of  tiading  the  sun's 
ance  is  one  of  very  great  elegance,  and  admits  of  a  certain 
lunt  of  precision,  yet  it  cannot  be  relied  upon  as  a  perfectly 
npcfichablc  method  of  deducing  the  great  constant.  A  perfect 
hod  must  he  based  on  the  operations  of  mere  surveying,  and 
ht  not  to  involve  recondite  physical  considerations.  We  cannot, 
"ever,  fail  to  n^ard  the  discovery  of  aberration  as  a  most 
ising  and  beautiful  achievement,  for  it  not  only  greatly  improves 
calculations  of  pnictic&l  astronomy,  but  links  together  several 
sicnl  phenomena  of  the  greatest  interest. 
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H(«l  Hod  Artronomy—DittrtbulioB  cS  Unit— The  I'rtmmrt  < 
H>«t  in  other  CrJnt)*!  Bodi(»~V*ri>tus  uf  Ti-uijM'raU 
— Thr  lint  of  lh«  Sun— Can  ita  Trmpcntutv  bo  itr 
nrclnl  wilh  the  ^n**  Bulk— Ow  thi-  Suu  W  Kxtwn 
iiiiirkril  Chan^  haa  Ocmrrad — (rfologioal  Rvjitratii)  ■■ 
Kun'»  Hint  IliiciVittuI— Tlie  Cooliii|tv(  tha  Sun  — Tli«  Sunj 
locondMcoDt  Solid  Oxilliift — OoDibtwIioa  will   not   Exr 
lIiiHt  it  ubtaincd  fnim  MoUorie  Uallor,  but  tliU  ia  not  . 
ti'DUDCH  of  Uii>  Suu'*  IIcAt — Tfae  I'unirHclion  uf  s   Ur 
Apprinmt  Pandox— IW  Doctriiw  of  Fdni-ri^}' — llto  Nebiil 
in  Support  ut  Uiu  Theoty — SiiUmal    En(lnnr<s   uf    thai 
Hcnchpl'ii  Vinw  of  SiilDrotl  Aggi<9g>ti«n  ^  Tiw  Nvbulm] 
t^'liaii^.'jt  wiiliiu  Ibd  Liniib)  cf  out  UbwrvaiUm. 


That  a  iwrtion  at  a  wftrk  on  antronomy  slinn 
placed  at  tbe  tieutl  of  this  diapU-r,  will  jK-r^uips  k 
nadera  ae  unusaal,  if  not  actually  ii)3i]>propriate. 
tnay  be  said,  a  question  merely  of  i'xperim«n(al  j 
can  it  he  legitimately  introduced  into  a  dii4rii]>Mioii 
bodies  and  tbeir  movement*?     Whatcrcr   wcifjlit 
miijfht  have  onoe  had,  need  not  now  bo  cnneidei 
rvsearcbes  on  heat  have  shown  not  only  that  hi- 
bearings  on   astronomy,  but  that  it  hiw   rpully 
chief  agents  by  wbioh  the  unircrac  hie  btN-u 
actual  form.     At  th«  present  time  no  work   on 
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I,  and  the  qiic«iion  ax  to  wlH-thcr  tli«>te  particle*  arc  hot  or 
iec*  not  xwm  to  Iuin^-  miy  (•i«jH'ffi»l  benritig.     No  doubt  tbe 
iry  ptTioiitc  phcnciiit'Hn  of  our  syntcm,  auoh  m  the  revolution 
|>lttn<^tii  ill  oonfonnity  witli  KopWii  Unrg,  vrill  l>e  oboerred 
'ountli-M  iii^,  wticthrr  thi;  |>liin(<bi  be  luit  or  cold,  or  winterer 
be  llio  lii-jil  iif  tilt-  xuii.     It  must,  however,  be  admitli-d  that 
laws  of  heiit  iiitrodtice  certain  mixlitii-ations  into  the  Btatement 
hese  lawn.     The  efTin^tA  of  heat  may  not  be  immediately  per- 
^ible,  but  ihey  exlfit,  they  are  oonslantly  acting,  and  in  th« 
can   of   time   they  are   adeqitate   to  cllecting   the  mightieet 
^^*togea  thmufchout  the  unirerae. 

^^a.  Let  us  brit-'fly  ret'apitulate   the  circumstances  of  our  syetem 

"'^^i-h  pivc  to  heat  its  potency.     Look  first  at  our  earth,  which  at 

^^•Bcnt  Bfems — on  its  surface,  at  all  events — to  be  a  body  devoid  of 

^  laat ;  but  a  closer  examination  will  at  once  dispel  this  idea.    Have 

"  "S  not  the  phenomena  of  volcanoes,  of  p-ywrs,  and  of  Iwt  sprinKV, 

^^g^ich  show  that  in  the  interior  i>f  the  tnrth  !ic»t  must  exist  in 

^B  .r  preater  intoD#ity  than  we  find  on  the  surface  ?     Thr«c  plH-no- 

-      ^lena  arc  found  in  widely  different  repons  of  the  earth.     Tbeir 

rigin  is,  no  doubt,  involved  in  a  so«(\  deal  of  obwunty,  but  yet 

O  one  can  deny  that  they  indicate  vast    reservoirs  of    bent.     It 

Vouhl  indeed  oeoro  tliat  heat  is  to  be  found  everywhere  in  the 

^^cvp  inner  rcffiims  of  the  earth.     If  we  take  a  thermometer  down 

.deep  mine,  wc  tind  it  n-conls  n  tempemtun-  higher  than  at  the 

irface.    I'he  deeper  we  dc*oo»d  the  higher  i<<  the  temperature ;  and 

the  Mime  mte  of  |irogn>M  ohould  l*e  maintained  throii(;h  those 

Ji*  of  the  earth  which  we  an'  not  able  to  (wootnite,  it  can  he 

Qonstrated  that  at  twenty  or  thirty  mile*  briow  tlw  aurfiMo  tfao 

{tiniporsture  muat  be  as  great  as  that  of  red-hot  inm. 

We  find  in  the  other  celestial  bodies  abundant  eridenco  of  tbn 

'  prcHiiit  or  the  past  esifeteitee  of   heat.     f)»r  monn,  aa  we  b.ive 

almuly  mentiom-d,  affords  a  very  strikiiii;  instance  of  a  body  which 

Imustonoo  have  been  very  highly  lieated.     The  extnumJionry  vol- 

'  canon  on  it*  surface  r«'nder  this  beyond  any  doubt.     It  is  equally 

certain  lliat   tbiwe  voU-nnoes  Itave  been   silent  fnr  njres.  «o  that, 

whatever  may  be  the  interior  condition  of  the  moon,  th«  tattaco 
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vftriouR  RxmI  «tan  hn-  \)oiit*  whidi  glow  wiUi 
wliik'  w«  liavtf  ill  the  ni'lmlie  object*    whose 
intelligible  tt>  uk  unleM  wo  adtnit  tliat  thry  are 
store  of  hcitt. 

From  tbiit  rapid  survey  of  the  different 
one  coneluRion  is  obvioiw.  \A'e  may  have 
netuul  tein[wmture  of  nny  individual  Inxly  of  t^ 
cannot  be  doubted  that  there  is  a  wide  rati^  of  d 
the  dtlTercnt  bodies.  Some  are  hotter  than  othfftH 
suns  are  perbnps  the  hottest  of  all,  but  it  is  not  imp 
may  be  immeasurably  outnumU-n-d  hy  tbo  cold  ui 
the  unirerse,  which  are  to  us  iuvisible,  and  onl< 
existence  in  an  indirect  and  casual  manner. 


Jl 


The  law  of  cooling  tells  us  that  every  body 
that  the  quantity  of  beat  which   it   radijites   inc| 
temperature  of  the  body  increases  relatively 
medium.     This  law  appears  to  be  univentnl.      T 
earth,  and  it  would  seem  that  it  must  be  eqiian 
other  body  in  s|Miee.      We  thtis  ems  that  eitch 
each  of  the  stars  is  continuously  pouring  forth 
ncvcr-ceiisiiig  stream  of  Iicst. 

This  nidinlion  of  licftt  is  productive  of  very 
quencea.    Let  us  ^tiidy  them,  for  instance,  in 
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oac  is  iioqiuuDtnl  with  th«  di>c  of  n  burniiifr-^lafis,  by 
whicli  wo  cnii  ooiidt-nM  llie  iitiii'o  rnyjf  to  a  Fociis,  and  produce 
iDandcKcvnoe  or  set  objectn  on  fire.  Largv  buniinfr-fflatiMM  have 
been  coiiNtn]rtc<l,  in  the  focnii  at  which  an  cxtmonlinarv  teni< 
pcnitnrc  hiu  been  olrtaintHj.  It  can,  howeror,  be  provwl  that  tb« 
tcmponttun'  at  tlie  fr>cii«  cannot  be  greater,  cannot  bu  ovi-n  Mjnnl, 
to  the  tcmiwratiiro  at  tlie  source  of  heat  itwlf.  Tht-  effect  of  a 
buming-fflass  is  tnen-lr  C()uivalent  to  makin);  a  c1(mit  apjirtMich 
towards  the  snn.  The  nilc  is  indeed  a  simple  (me-  The  lem])eni- 
ture  at  the  focus  of  the  buriiiti|r-(rlaRii  is  the  nunc  as  that  »f  a  jioint 
]>)iico(I  at  such  a  distance  from  the  sun  that  the  solar  disc  would 
Mcm  juKt  iw  lai^  im  the  lens  itself  vi(>wcd  from  ilK  ovm  focus. 
The  greatest  burning-glasa  whioh  has  ever  been  eon8tract«d 
virtually  tnnsp'irts  an  object  at  its  focus  to  within  250,000  miles 
of  the  KtinV  Kurface;  in  other  words,  to  a  distance  of  about 
l-40(ith  jmrl  of  its  present  amount.  In  this  focus  it  wim  found 
that  the  most  refractory  substances,  agato,  corueliaD,  plutintiin, 
fire-clny,  the  diamond  itself,  were  melted  or  even  disHi[nted  into 
vapour.     There  can  be  no  doubt  that  if  the  s<in  were  to  come  as 

•  near  to  us  as  the  inoon,  the  solid  earth  itself  would  melt  like  wax. 
It  is  diltieult  to  form  any  numerical  statement  of  the  actual 
temperature  of  the  sun.     Tlie  intensity  of  that  ten)]>eratiiro  vastly 
tranacenda  the  greatest  artilicial  heat,  and  any  nltempt.  to  clothe 
■inch  estimates  in  figures  is  ueoessarily  very  precarious.     Kut  a»»um- 
l^fC  •'•''  greatest  artifieial  temperature  to  be  al>out  1,(100"  Fahr.,  we 
II  probably  be  well  within  the  truth  if  we  state  the  effwtivc 
(wnitnre    of   the    sun    to    be  about    1^,000"    Fahr.       This    %», 
,  vastly  below  many  of  the  eetimatee  which  have  l>een  Duule, 
1,  for  tiutanee,  has  cstimat«d  the  son's  temperature  to  Iw 
one  thousand  timce  that  here  given. 
lo  copious  outflow  of  heat  from  the  sun  corresponds  wJtlt  its 
■IS  t4rm peril tu re.     We  cun  express  the  antount  of  heat  in 
/ays,  but  it  must  be  ninemWrvd  tlut  coosidetuble  un- 
ill  ntlaclu-s  to  sneh  niiikKniien)ent«,     T1)«  old  nwthod  of 
Mt  by  the  quantity  uf  ice  melted  nuiy  l>e  tixrd  as  an 
It  is  computeil  that  a  shell  of  'k«  43^  fe«t  tJiiek 
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^^^^^^^nd  be  prtidueed  by  the  daily  combustion  of  «txt«eD 
This  is,  JD<l«@d,aD  amotint  of  hent  which,  pmpttrly  tm 
work,  would   kwp  an  cmginc  of   many    hiinilrrrlm    of 
running  from  onu  year's  ciul  to  tli«  other.      The  huit 
a  fow  acr«B  on  liic  eun  would  ho  adv<]uate   to  drive  ■ 

1 

engines  in  the  world,     'VVheii  wu  rvltcot  on  tlie  vast 

the  ruliatioD  from  oach  equare  foot  of  the  sun'^  surfa 

ne    combine    with  this    the   KtnpemtouB  dinii.'niHijns 

1 

1 

ima^natioD  fails  to  rratiei-  how  va«t  must    be  Uic  ad 

U 

ditoro  of  heat.                                                                j 

F I 

In  one  way  tho  onorroouM  inUitoity  of  the   mdiutial 

r  1 

unit  of  sua  surface  ia  a  C"riK*ijiicnce  of   its   bulk.      In 

L 1 

moment  two  suns,  out  at  whicli  had  a  <tiiimet«>r  doabfl 

nil 

1  ' 

IE  those  two  siins  wero  of  nDalogoita  ootiKtituiiftti,   ttM 

U 

1 

heat  mny  bi;  ttikcii  as  proportional  to  thvir  voIiimeB. 

In 

sun  woulil   thii^  buvf  a  »ton-  of  heut  ei^ht   timux  as 

111 

' 

KinalltT  one.     But  the  ratio  of  the  surhces  of  the  tw<i  bqi 

III' 

to  one,      Heiiw  it  follows  that  by  tho  tinir  Inrth  anna  i 

Ml' 

1 

twice  M  much  boat  ix-r  unit  of  ar^'n  muwt  have  pitNsed 

1 11 

1 
1 1 

^tirffUW  of  the  lar^  kuii  a»  through  IJk'  KUrfsAr  of    i  J 

llU  I 

To   ftmphaaize   the  onntmst  Ktill   more,  aupixise   our  i 

compared  with  a  liotitious  sun  not  lai]ger  than  oar  tU 

1 
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^^  r  to  bonr  by  the  sun's  spltndid  generosity ;  and,  therefore,  it  is 

ti^Sortaot  for  us  to  know  what  secnri^  we  poaseu  for  the  con- 
aance  of  his  favonrs.    Wheo  we  witness  the  terrific  t^xpcndilura 
'the  bud's  heat  each  hour,w«  «re  rompelled  to  ask  whether  the 
_    ,  i  may  not  bo  exhatiatio^  iu  resources ;  and   if  so,  what   are 
__      V  prueitocls  of  the  future?    This  quustioo  wc  can  partly  aDswur. 
le  wWa  suliject  is  indeed  of  aurpUBsing  interest,  and  mlok-iit 
^^ith  the  spirit  of  modern  scientific  thouf>ht. 

^BL  Our  first  attempt  to  examine  this  <]iie«t)on  must  lio  in  an  apptiil 
^UPlie  facta  which  are  attainntiti?.  We  want  to  know  whether  the 
^f  ^tn  is  showinf;  any  sj'mptoins  of  decay.  Are  the  days  as  warm 
**nd  lis  hri(;ht  now  as  titer  wore  last  year,  ten  yvars  ago,  on* 
fc  4undre<]  ymrt  u(>o  ?  We  can  Rnd  no  evidenee  of  any  cluutgo  sines 
HMm  bc^nninf;  of  autlwtitic  rvoords.  It  the  sun'a  hnt  bod 
^pterceplilily  (^hiingvd  within  tlic  last  two  thoneand  years,  we  sliould 
Sasxpcct  to  find  c<irn-iq>andin^  changes  in  thi!  distribution  of  jilnnts 
»nd  of  animal*;  but  no  such  changes  havo  ln-en  detected.  Tliere  ia 
no  reason  to  think  that  the  climate  of  ancient  Greece  or  of  ancient 
I  Rome  WHS  apjireeiably  different  from  tlie  climates  of  the  Orose* 
land  the  Rome  that  wc  know  at  this  day.  Tli«  vine  and  tlteolirs 
gnvr  now  where  tln-y  gn-w  two  thouvund  years  ago. 

We  must  oot,  however,  lay  too  much  strc«a  on  this  argument; 
for  the  effects  of  alight  changi's  in  the  sun's  heat  may  luive 
been  neutnkliM>d  by  corresponding  adaptations  in  the  pliable 
orj^nisms  of  cultivated  plants.  All  we  oao  eertainly  conclude 
is  that  no  marked  change  baa  taken  place  in  the.-lMRt  of  the 
sun  during  historical  time.  Dut  when  w«  oome  to  look  l«ck 
into  rastly  earlier  agva,  we  find  the  most  copious  evideooe  that 
Um  earth  luts  undergone  great  changes  in  climate.  U«olo^c«l 
records  can  on  this  question  hardly  be  misinterpreted.  Yet  it 
is  curious  to  note  that  these  -diangea  are  hardly  such  as  could 
orise  from  the  gradttal  exhaustion  of  the  sun's  radiatiup.  No 
I  doubt,  in  very  early  times  we  hare  evidenoe  that  tl>e  earth's 
climate  must  havo  been  much  warmer  than  at  present.  We  luul 
i  ths  groat  carUinifvmas  epoch,  when  the  tem{)erat»r«  must  almixt 
lure  bMn  trD|i*cal  in  Arctic  latitudes.  Yet  it  is  hardly  posnblt 
1  a  a 


UUod 


it  is  Duv  to  account  fw  the  glucial  ejtocb. 
to  attribute  sucli  phenomena  to  such  oscilUUo 
from  tlm  sua.     l'h«  gliK-ial  cjiochs  prove  that 
gtwlogy  in  aid  of  tlie  dotitrine  tluit  a  secular  < 
now  in  iirogm*.     The  g«ologi«iil   variations  of] 
bwii  <uu!ti!d  hy  changK»  in  Uic  earth  itsolf,  by 
tiun  of  itM  »xiit,  hy  vlian^'K  in  it«  uctual  orbit ;  I 
haw  ixi-n  nu«c<l,  they  liunlly  tvll  us  murli  witl 
Iiistory  of  out  nun. 

Tlic  heat  of  tlie  sun  haa  lasted  for  count)4.'ss 
credit  tbe  sun  with  the  power  of  autuully  croatini 
ap])ly  even  ti>  the  majestic  moss  of  the  euti  the 
have  found  by  our  cxperimeDU  on  the  purth.     W'^ 
comes  tbe  heat  sufficient  to  supply  tit'tit  tr^uivndot 
us  brielly  recount  the  various  suppositions  that 

Place  two  red-bot  spheres  of  iron  aide  by  eu 
a  small  one.     They  have  been  taken  from  tho 
bolh  ecjuully  hot ;  th^y  are  both  cooling,  but  tlie  n 
more  rapidly.     It  speedily  becomes  tbirk,  while 
still  i^lowinf*,  and  would  ooulinuc  to  do  so  for  soi 
lar^r  the  sphere,  the  longer  it  will  take  to  nool  A 
been  supposed  that  a  mighty  sphere  of  the 
of  mir  sun  wnuM     if  otiiw  hwtUiil.  mhI 
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certain  that  no  suoh  dccmse  can  hsrc  Uki-n  (iluw.     The 
of  ihe  bud'b  nulUtion  cannot  be  found  in  the  mtrc  oooling 
D  incnndcaociit  mass. 

tliv  firee  iu  th<>  eun  be  maintainod  by  eomboctioo,  uwlogoiu 
wbidi  goe^  on  in  oiir  furnuces?  Hero  we  woald  teem  to 
a  Bource  ot  fritrantic  hent ;  but  uritliraetic  uIho  i]iit[>om-ti  of  thin 
IXMition.  "We  know  that  if  thv  tun  wcra  made  of  vvcd  hoIUI  coal 
If,  and  if  that  veal  wen-  bitrniii);  in  pure  oxygen,  tb«  hral  tliut 
1(1  W  prodiK-rd  would  only  «iiflic«  fpr  11,000  ynni.  If  Uw  mid 
ioh  shone  upon  tht-  bnild(.-nt  of  tli«  f;ruit  Pyramiii  had  Ikwii  tolid 
from  KUrfiwri-  1o  ot-ntrp,  it  must  by  this  time  have  Wvn  in  gn»t 
bunivd  away  in  ibv  attempt  to  maintain  its  privvnt  rate  of 
iditurx'.  We  art'  thua  foro(.>d  to  look  to  othi-r  souroiw  for  Uic 
Ijr  (>f  tlii;  Kun'e  b«it,  since  ncitlier  the  licat  of  incaadcMonoe 
t]ie  heat  of  combtuititm  will  cufTivf. 

There  in  probably — indeed,  we  may  wiy  certainly— one  cxt«rnftl 
from  wbieb  the  heat  of  tJic  sun  in  rucruit^.'d.  It  will  be 
•y  for  us  to  conaidcT  Ibia  Botiroo  with  some  ear*:,  tliou^  1 
nk  we  tthall  tiiid  it  to  be  merdy  an  auxiliary  of  coni|iaratiTi-ty 
iiliog  mpnient.  According  to  lliU  view,  the  wlar  beat  reecivcM 
■tnonal  acoouions  from  tbe  fall  upon  tlie  nun's  surface  of  manes 
Fnwtwric  matt«r.  There  can  be  hardly  a  duubl  thai  mieh  ma*scs 
i  (all  upon  tbe  sun  :  tltcro  is  oertaJnly  no  doubt  that  if  tliey  du, 
to  sun  must  ^ain  some  heat  thereby.  We  have  exjx^rienee  on  the 
Urth  of  a  very  interesting  kind,  wbieh  iIlutitrat«H  llu;  di<veloi>inent 
!  heat  by  meteoric  mutter.     There  lies  a  world  of  philoHoj>by  in  a 

Cling  Htar.  Some  of  these  myriad  objects  ru»h  into  our  atmo- 
n  and  are  hwt ;  otlien,  no  doubt,  rush  into  tlie  sun,  witli  the 
jme  result.  We  abw  admit  that  lite  descent  of  a  shooting  star  into 
to  atmo«i>here  of  tbo  sua  must  bo  attended  with  a  (laalt  of  light 
Id  of  heat.  Hie  hnt  ae<inir«l  by  the  earth  from  the  liatthing  of 
botingr  atara  through  our  air  is  <(uite  inaenaible.  It  has  been 
imsed,  bowercr,  tliat  tlie  Iteat  accruing  to  the  sun  from  the 
lanuiMinav  b«>niii(«  aensible^nay,  it  baa  been  even  sopposod 

■IihI  from  tbis  MHiree. 

old  principlea  of  weights  and 


moon — »  hiig«  globe,  2,000  milea  in  diameUtr — wrrftj 
myriad  oC  EragmenU,  and  that  thcae  fra^^enU 
nin  in  oa  the  eun ;  therv  can  be  no  doubt,  that 
m(!t«urio  sliower  would  contribute  to  the  aun  mther 
would  be  re<]uired  to  eupplr  his  rndiation  for  a  whol 
take  our  earth  itself,  conceive  it  comminuted  ititt> 
that  dust  to  fnll  on  the  sun  as  a  mig-hty  ahoi 
ment  would  instantly  give  oat  a  quantity  of  hent, 
would  add  to  tbe  sun  a  supply  of  he«t  adeqiuitc 
present  rate  of  radiation  for  nearly  one  hundred  ycnm. 
mass  of  Jupiter  treated  in  (he  tame  way  would  ^tierali 
display  f>reattT  in  the  ratio  in  which  the  ma«s  of  Jw 
the  mass  of  the  enrtJi.  Were  Jujtiter  to  fall  into  tbfl 
ho»t  wnnid  bo  theroby  produced  to  sooreh  Uie  whol«  «g 
whilQ  all  the  planets  together  would  he  capable 
heat  which,  if  properly  economised,  would  auppljr 
of  the  euu  for  4&,UO0  years. 

Here,   then,  is  certainly  a  plnunible  source  for 
the  sun's    h«at;    but   it   must   bo   remembered 
mooQ  could  supply  one  year's   heat,  attd    Jupiter 
heat,  yet  the  practiml  igueslion  is  not  whether  the 
eould  supply  the  nun's  beat,  but  wlielber    it   does. 
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f)ff  thron^rb  th«  Rytt«m.  Then  mtiat  he  aa  muxy  nuteon  ttut 
wrtli  would  be  incMauntly  jtelted  witli  tli^m,  and  heated  to 
,1  i  <lo<rr«>  ss  to  be  rendered  uninhabitable.  There  are  also  other 
^  ona  which  preclude  the  eujiposition  that  a  stupendous  quantity 
^meteoric  matter  exista  in  the  vicinity  of  the  sun.  Such  matt«r 
fiTTlld  produce  an  appreciable  eGFect  on  the  moremcnt  of  the  planet 
L  mtuj.  There  are,  no  doubt,  some  inv|ru]antieH  in  the  move* 
Dt«  of  Mercury  not  yet  fnlly  explained,  but  these  irregularities 
I  I  very  much  less  than  would  be  tie  case  if  meteoric  matter 
iut«d  in  quantity  adequate  to  the  Eustentatioa  of  tlie  sun. 
^txonomcrH,  then,  believe  that  though  meteors  may  be  a  rate  in 
Id  of  th«  sun's  current  expenditure,  yet  that  tJic  (neater  {wrtton  of 
■at  cx|)en(litun>  must  be  defrayed  from  other  resources. 
I  It  i»  one  of  the  achievements  of  modern  scienve  to  have  effected 
be  solution  of  the  problem — to  have  sbowa  bow  it  is  that,  not* 
withstanding  the  stupendous  mdiation,  the  sun  still  maintains 
^  temperature.  The  question  is  not  five  from  difBculty  in  its 
iBposition,  but  the  matter  is  one  of  fuch  very  great  importance  that 
in  are  compelled  to  make  the  attempt. 

Let  us  imagine  a  vast  globe  of  heated  gat  io  a]mc«.  Tliis  is 
lot  ail  entirely  gratuitous  anppocition,  inaamoch  as  there  are  globes 
tpparently  of  this  cliaracter;  they  have  bevn  already  alluded  to  as 
ftuietary  nebula.  This  globe  will  nuliate  heat,  and  we  shall 
nppose  that  it  emits  mor«  heat  than  it  receives  rrom  the  rsdia- 
iioa  of  other  bodies.  The  gbbe  will  accordingly  lose  heat,  or  what 
p  equivalent  thereto,  but  it  will  be  tnoorrcct  to  assume  that  the 
riobo  will  necessarily  fall  in  temperature.  That  the  contrary  is, 
adced,  the  case  is  a  result  almost  paradosical  at  tlu)  first  glance; 
nt  yet  it  can  be  readily  shown  to  be  a  nccesmy  oonwqucnce  of 
IS  laws  of  beat  and  of  gases. 

Let  us  fix  our  attention  on  a  portion  of  the  gas  lying  on  the 
irtaoe  dt   the   globe.     This  is,   of  course,  attnu:ted   by   all   the 
it  oC    the   globe,  and    thus   tends    in    towanis    the   centre   of 
globe.     If  equilibrium  subsists,  this  tei>deDcy  must  be  n«u- 

:''  :  so  that  the  greater 
:i.-.      ^Vhen   the  globe 


w  gl 

r 


the  tmnoM  of  th>' 


wiir  luwrdingly  enntrant.     'lliere    t«,  howrvrr, 
hidi  wi>  can  look  at  the   matter.      We   know 
«quivaliMtt  to  energy,  »o  tliat  wlien  the  ^lobu  nidia 
it  must  (^siH^ntl  tm^gf.    A  part  of  the  energy  of  the  ] 
thftt  cIuc!  1o  iU  t«mi>eratun> ;  but  another,  oiiil   in 
more  im]}ortant,  part  ie  that  due  to  the   separutioD  of| 
If  wf.  allow  tlie  particles  to  come  closer  together,  we  . 
tlie  energy  due  to  separation,  and  th«  ener^*  thus  mrt 
the  form  of  beat.     Hot  this  dTawin<>  in  of  the  particle 
involves  a  stirinking  of  the  g'lobe ;  and  thua  wr  find 
way  the  matter  be  viewed,  the  radiation  of  ht-ut  fr 
must  be  attended  with  contraction. 

And  now  for  the  remarkable  conse^inence,  whieh 
a  very  important  application  in  Astronomy.     At  the  (>lob 
a  part  of  it«  ener;>y  of  depuration  i/t  el)iiiif>v(]  into  heut ; 
partly  nidiittc<l  away,  but  it  is  not  nuliiktwl  iiwuy  m» 
produced  by  the  contraction.     Th«-  oonscqueDce  i», 
the  globe  is  rvally  looinf;  heat  and  really  coDtmetinf*,  vi 
temperature  ix  actnally  rising.    A  simple  cam  will  sufH^ 
etrate  (hin   resnlt,  punidnsical  M  it   may  at   firxt 
suppose  that  by  contniotion  of  the  «pbi.TC  it  had  ilintini 
half  ita  diameter;  and  let  »»  fix  our  attention  on  a 
the  gaaeoiis  matter  In  any  \yi\ni  of  the  mass.     Aftvr  tlii 
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two  purticlcN  in  iDcraMMl  foHr-fo1<],  aii<I  m  the  nroa  n  aluo 

^l^uowl  Ui  oite-fourlli  it  will   follow  thxt  the  prrasuro  iiuitli^  the 

^fredtiocd  cube  iti  incneiuted  sixtoeo-fold ;  but  w«  liavt!  alreudy  swn 

dchat  with  a  oonstaot  tomperature  it  only  inercnn*  «i|>ht-folt),  imd 

•vfaenoe  the  temperature  cajinot  be  txinstant  but  iiiuvt  rise  with  tbv 

itractioii. 

Vie  thuH  liare  the  oomewhat  uitoni«hin^  n«uU  tUiit  n  gnuvoiiK 
V(tg1obe  in  s|»o«  nulinling  hent,  nntl  thi>n^hy  growing  smaller,  in  all 
ImUic  time  actually  incieocing  in  tvmporaturv.  But,  it  may  be  Kold, 
Mij  aurrly  thi*  cannot  jpt  on  for  evor.  Arv  we  to  t>uppo«e  tlint  the 
^  gaseous  nutai  will  go  on  contnuiting  luid  contnieting  with  a  tern- 
^  pcrature  ev«r  fiercer  anil  fiercer,  and  actually  mdiiiting  out  more 
and  more  beat  the  more  it  loses?  wWre  lies  the  limit  to  Huch  a 
])roepeot?  As  the  body  contrai>U,  ita  denNity  miiKt  inerease,  until 
it  either  becotuea  a  liquid,  or  a  wilid,  or,  at  any  rate,  until  it 
c«ase§  to  obey  the  laws  of  a  purely  ganeous  )>ody  which  we  have 
supiMwed.  Onoe  these  laws  cease  to  be  observed,  the  argument  dis- 
appears ;  tho  loss  of  heat  may  then  really  be  attended  with  a  insa 
oC  temperature,  uati],  in  the  course  of  time,  the  body  has  sunk  to 
the  temperature  of  space  itself. 

It  is  not  pretended  that  tbi»  reasoning  can  b«  applied  in  all  its 
completeneas  to  the  ]>reBent  state  of  the  Hun.  The  sun's  density  is 
now  so  great  that  the  laws  of  gases  cannot  bo  there  strictly  fol* 
lowed.  There  is,  however,  goiid  reasiin  in  belti've  tliut  the  sun  was 
once  more  gaseous  tliau  at  present;  {Mjnaibly  nt  one  time  he  may 
have  been  ijuite  gaseous  enough  to  admit  of  this  reasoning  in  all 
its  fulnna.  At  present  the  sun  appears  to  be  in  some  intermediate 
stage  of  its  prepress  from  the  gaaeous  condition  to  (lie  wilid  condi- 
tion. We  cannot,  therefore,  say  tJtat  the  temperature  of  the  sun  i* 
now  increasing  in  oorreapondenco  with  the  process  of  contraction. 
This  may  be  true  or  it  may  not  be  true;  we  have  no  means  of 
deciding  tiie  point.  We  may,  however,  feel  certain  that  the  sun 
is  still  sufficiently  (faseoua  to  experience  in  some  degree  the  rise 
of  tempeniture  associated  with  the  oonttsction.  That  riac  in  tern- 
jwratiire  may  be  |nrtly  or  wholly  obscured  by  the  fall  in  tempera, 
turv,  which  would  bo  the  more  obrioua  coosequenoe  of  the  radiation 
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nuiiuioa  ui  uwii  uvai  uw  buu. 

This  questiun  is  one  of  Guch  I^^^HFtbat    it 
white  to  look  at  it  frotn  a  sligtitly  diffurent  point 
Biui  coutains   a  certain  store  of  energy-,   part    of   whS 
tinually  dlBappeariDi;  in  the  fonn  »f    radiant    IwAt. 
ivniuining  in  tho  sun   i»  partly  tratisrormt^    io   dial 
of  it  is  Iransformctl  into   luvt,  ivhicli    goea    wbulljr 
supply  tho  loss  l>y  nidintion.     Tlie  U>tal    energy  tif 
buwcvpr,  be  (Iccn.'asing;  uid  heace  it  would  set^tn  the 
loino  timo  or  othvr  bive  its  energy  exlmust«d,    anil  c 
source  of  light  and  of  beat.     It  is  true  that  the  mt« 
tun  cuiitrni-ls  i*  very  sluw.     M'e  are,  iudufd,  not  «bli 
Kith  certainty  1h«  decrease  in  tlte  nuq's  bulk.      It  is 
minut«,  that  the  contmvtion  since  the  birth  of  accunU 
is  not  Urge  enough  to  be  perceptible  in  our  t«l 
howevrr,  possible  to  compiiti;  what  the  cootraction 
bulk  mtist  be.  on   ibe  eupposition  tlutt  tho  eat'rgy 
contmction  just  sufticcs  to  supply  Ike  daily  mdiaticm  o! 
change  is  very  sniiiU  nltoii  wi-  consider  tlto  present 
At  the  present  time  the  sun's  dismder  is  iilmut  HtitiJOii 
each  year  this  diumvtcr  deereuws   by  aUmt    HO   f, 
energy  will  be  yielded  to  account  for  the  entire   radi 
gi-a«luiil  decrease  is  always  iu  progrrss. 
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'  diarm-tcr  of  the  huh  wm  four  liumlrod  milM  gmt«r  ttiiui  it  is 
Jay.     ^VheD  man  first  trxxl  tlii«  t-iirlh  it  woald  Bvcm  Uiut  t)i4> 
in  must  liare  been  many  huixircds,  perlup*  nuny  tliou»»iuU,  of 
t'^ilM  Rrnt^r  tbao  it  is  at  thin  tiiii«. 

We  moat  not,  bowuver,  orer-c«tinmte  the  iii^ific«nce  of  this 

rtatemL'nt.     T1ii>  diamistor  of  tho  nun  in  M  great,  tlmt  »  ditniiiution 
F  10,0II()  milL«  would  be  but  littlv  mure  tlian  the  hundrt^dlh  part 
Anf  it«  diiimctcr.     If  it  were  Huddenly  to  nhriuk  to  the  extent  of 
■■|rfU^O(H)  mill-*,  i\w  rhun^  would  not  be  ai>preciablc  to  ordinary  ob- 
WjMrvation,  tliou^^h  a  much  amaller  cliait)^  would  not  elude  delicate 
IHa*>ii^><>''>'ca'  nttiiKurenienl.     It  does  not  necesaarily  follow  that  the 
1^  iii-linuit^w  on  oiir  earth  in  these  early  times  must  have  been  very 
I  ^iff<-n:ni  fmin  tJioKC  which  we  tind  at  this  day,  for  the  question  of 
^|^Iiin*te  de|)ei)ds  upon  other  matters  besides  sunlicams. 
_i,        Yet  we  need  not  abruptly  stop  oar  retrospect  at  any  epoch, 
fcowerer  remote.     We  may  go  baclt  earlier  and  earlier,  tlirough  the 
^    lung  u^es  which  geologists  elaiin  for  the  dcjjoeition  of  the  stiatified 
_ .  rocks ;  and  liock  again  still  further,  to  those  very  earliest  epochs 
K  when  life  b<rgan  t<>  dawu  on  the  earth.     Still  wo  am  fiml  no  reason 
to  supjHise  that  the  law  of  the  sun's  decreMing  heat  in  not  niain- 
.    taincd;   and  thus  we  would  seem  bonnd  by  our   pnwent  koow- 
.     ledge  to  HHpiKiHi;,  that  tlic  Kun  grows  larger  and  larger  the  further 
our  retraii{)ect  extends.     We  cannot  assume  that  the  mte  of  that 
griinth  is  always  the  same.     No  such  aasumption  is  reijuired;  it  is 
sulliciout  for  our  puqxwc  that  we  find  the  sun  growing  larger  and 
larger  the  furllier  we  peer  back  into  the  remote  abyss  of  time  past. 
If  the  present  order  of  things   in  our  univerae  has  lasted  long 
enouf^li,  then  it  would  seem  that  there  was  a  time  wlien  the  sun 
must  iiavc  been  twice  as  large  as  it  is  at  preaent;  it  must  onoe 
hare  be«D  ten  times  as  large.     How  long  ago  that  was  no  one 
can  venture  to  ny.     But  we  cannot  stop  at  the  stage  when  the  sun 
was  even  ten  times  as  large  as  it  is  at  present ;  tJie  arguments  will 
still  apply  in  earlier  ages.     We  see  tJio  sun  swelling  and  swell- 
ing, with  a  corrapoDdiDg  decrease  in  its  density,  until  at  length 
wa  find,  instaid  of  our  sun  as  wo  know  it,  a  mighty  nebuU  filliug 
A  gigantic  region  of  tgnm. 
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as  we  understand  them,  idinit  of  the  extreme  Uf 
reqaired,  and  if  also  tb«  prvsvtit  ortlur  of  tluugs  hi 
sufficient  time  tvithout  the  interrctitinti  of  any  inftua 
imlfDown  to  us.  This  nebular  theory  is  not  rtrnfirM 
of  our  fiun.  Precisely  dmilnr  rcrnxnnin^  may  he  ei 
individual  planela :  the  farther  wc  look  back,  tha , 
hotter  does  Uie  whole  Bystetn  become.  It  baa 
if  we  could  look  far  enough  bock,  we  should  see 
for  life;  back  further  still,  wc  nhould  Hnd  the 
planets  red-hot;  and  back  furthiT  still,  to  an 
epoch,  when  the  planets  would  be  bcvtod  jus*  aa 
is  now.  In  a  still  earlier  eta|>G  the  whole  solar  b} 
to  have  been  one  vast  maeti  of  flowing  fT^s,  from' 
^ut  forms  of  the  sun,  with  tlio  planetAUud  their  sa 
gradually  solved.  We  caniiot  be  Btire  that  tlie 
liaa  beeu  wliat  ia  here  indicated,  but  there  arel 
grounds  for  thinking  that  this  doctrine  substnnt 
what  has  actually  occurred. 

Many  of  the  features  in  the  solar  syntcm  bai 
supposition  that  the  oi'i^n  of  the  ttvateni   hiu;  beetii 
by   the   nebular  thmry.      We  have  already  had 
earlier  chapter  to  allude  to  the  bet  that  all  the  pit 
their  re%'ulutiuns  around  the  ran  in  the  »inie  directjj 


ASTROHOMICAL  8IGKIFICANCE  OP  SB  AT. 


907 


oE  coutraction,  portions  of  ihv  condenaed  matter  nf  tlia 
would  be  tvft  Iwliind.     Th«ec  portiouR  yrouXA  tttill  revolve 
nd  the  oentral  muM,  ntul  «nch  portiun  would  rotate  on  its  axis 
(  thfl  aiitic  direction.     A«  the  proccM  of  contmetion  proceeded,  it 
Mild  follow  from  d/nsmienl  j>Tinci]>leA  tbiit  the  vt^locity  nf  rotation 
wld  iiicreiute ;  und  thua  at  loii^h  thoHO  portions  would  coiiflolidate 
to  planets,  while  tlie  central  vatua  would  gradually  contract  to 
inn  the  «un.     Uy  a  similar  pioci<aH  on  a  ittiialler  scale  the  systems 
aat«llit«>s  were  evolved  fmm  the  eontractin^  primary'.     These 
ktellites  would  also  revolve  in  the  same  direction,  and  thus  the 
umcteriatic  features  of  the  solar  system  oould  W  accounted  for. 
The  nebular  ori^n  of  the  solar  system   receives  considerable 
pOuntenance  from  the  study  of  the  sidereal  heavens.      We  have 
Jready  dwelt  upon  the  resemblance  l>etween  the  sun  aud  the  starE, 
\t,  then,  our  cun  has  passed  throuf^h  soch  changes  as  the  nebular 
ibeory  requires,   may  we   not  anticipate   that  similar   phenomena 
ihould  be  met  with  in  other  stare?    If  this  be  so,  it  is  reasonable  to 
luppose  that  the  evolution  of  some  of  the  stars  may  not  hare  pro- 
gressed BO  far  as  has  that  of  the  sun,  and  thus  we  may  be  able 
actually  to  witness  stars  in  the  earlier  phases  of  their  development. 
Let  US  see  how  tar  the  telescope  responds  to  Uicse  anticipations. 
I     Tlie  Geld  of  view  of  a  Wr^  telescope  usually  discloses  a  number 
t>C  stars  scattered  over  a  black  backffrouTu]  of  sky  ;  but  the  block- 
oess  of  the  background  is  not  uniform :  the  practisvd  eye  of  the 
skilled  obscr%'er  will  detect  in  some  pnrti  of  tlw  heaven*  a  fotnt 
luminosity.     This  will  Kometimes  be  visible  over  tlie  wliole  crxtont 
of  the  field,  or  it  may  even  occupy  wvcral  fields.     Years  may  pan 
on,  and  still  tlirro  is  no  perceptible  change.      TWrc  can  be  no 
illusion,  and  tJte  eonvluaion  is  irresistible  Hut  tlie  object  isa  stu- 
pcndous  masM  of  faintly  luminous  glowing  gas  or  rai>our.     This  is 
the  KiiitplcKl  tyjw  of  nebula ;  it  is  charaelerised  by  exirt-me  faint* 
new,  and  not-mi*  oomp<)«ed  of  matter  of  the  utmost  tenuity.     We 
on),  on  the  ot]>er  Iuuk),  oooaaionally  pr«>»ciititl  with  the  beautiful  and 
striking  phenomenon  of  a  definite  and   brilliant  star  surrouwled 
by  a  luminous  Atmnsplu-rv.     Between  Uicae  two  extreme  types  of 
a  foiut  diffosed  ommw  ou  the  one  liand,  and  a  bright  star  with  a 
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nebula   surrounding  it   on   the   other,    Hencb«l   tluaghl 
graduated  eeries  of  variotis  other  ni-bala^  could  be 
tliuB  have  a  series  of  links  juicaing    by   imperccpliUt 
from  th«  most  faintly  dilTnfcd  Doliulse  on  the  one  «ideii*u 
the  oilier.     It  wuh  the  perception  of   this  wbit-b  led  Sii 
Iler^hel  to  his  theory  of  itiderctil  aip^p^pttion. 

The  nebuho  secnivd  to  Hvrschi-l   to    lie   vast   nwaHi  4 
pbor«scont  rapour.     Thin  vnpoar  f>rs(laa]ly  cool*  dowii,al 
niately  oondensos   into  a  star,  or  a  cluster  of   ttaa.    TIa 
varied  forms  of  nebuW  uvre  clasatfttKl,  it  almoet  cwmd  ■! 
diSerent  link*  in  the  proc(««  could  be  actually  witntad.  h 
vast  faint  nobulw  the  proce**  of  condi-nsnlion  bad  jnsl  bp*: 
thu  smallt'r  nnd  brighter  nebulw  tho  eonilensation  had 
brtlier ;  while  id  otbera,  the  star,  or  star*,  arising  from  th« 
sation  hod  alresd}-  bocome  visible. 

But,  it  may  be  ukrd,  hnw  did  H<*r«ctiel  know  this?  wist 
evidence?     Let  iiininvwef  thiaqueKtion  by  an  ill  list ratjao.    tit 
a  forest,  and  loolc  nt  a  noble  old  oak  whit.'li  ha«  weathered  tW 
for  oeoturics ;  have  we  any  doubt  that  the   oak-tree  wat 
yoDn^  small  plant,  and  that  it  |^w  iita^  by  atap*  until  K 
maturity?    Vet  no  one  has  ever  fullowcil  an  oak-tres 
various  sta^«,  the  briof  S]uin  of  Ufu  has  nut   been  lonjr 
do  80.     The  rcnuon  why  wc  believe  tho  oak-tree   to  hare 
through  all  them;  stages  ia,  because  we  arc  familiar  with  mi 
of   evi-ry  gradation  in  nzc,  from   the    iievdlinff  itp  to  tbs 
Teteian.     Having  seen  this  gradation  in  a  vast   mulutnils  of 
we  are  convinoed  that  eaeh  individual  baa  pa— aJ  tlmittgli  all 
stages. 

It  was  by  a  similar  train  of  reasoninf*  that  liersohd  wm  \d 
adopt  the  view  of  the  origin  of  the  stars  which  wc  have  m>JmW 
to  describe.     The  aatronomer'B  life  is  not  I0119  eooufrb,  thr  bk 
the  human  race  might  not  be  long  enough,  to  watch  tba  (nc(»^ 
which  the  nebula  condenses  down  so  as  to  form  a  solid  bojjr. 
by  looking  at  one  nebula  after  another,  the  astronomer  thiaki  W* 
able  to  detect  the  various  stages  which  connect  tbe  nabola  it* 
original  form  witb  tbe  final  form.     He  ia  thus  led  to  babiw  M 
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~;h  of  the  nebulro  passes,  in  the  course  of  ages,  through  these 
it^es.     And  thus  Herschel  adopted  the  opinioD  that  stars — some, 
■'iny,  or  all — have  each  originated  from  what  was  once  a  glowing 
bula. 

-  Such  a  speculation  may  captivate  tlie  imagination,  hut  it  must 
!  carefully  distinguished  from  the  truths  of  astronomy,  properly  so 
illed.  Remote  posterity  may  perhaps  obtain  evidence  on  the  siib- 
xt  which  to  us  is  inaccessible :  our  knowledge  of  nebulie  is  too 
>cent.  There  has  not  yet  been  time  enough  to  have  seen  any 
pprociable  changes :  for  the  study  of  nebula  can  only  be  said  to 
ate  from  Messicr's  Catalogue  in  1771. 

Since  Herschel's  time,  no  doubt,  many  careful  drawings  and 
iMervations  of  the  nebnls  have  hecn  obtained ;  but  still  the 
aterval  has  been  much  too  short,  and  the  earlier  observations  are 
DO  imperfect,  to  enable  any  changes  in  the  nebuls  to  be  investi- 
•ated  with  sufficient  accuracy.  If  the  human  race  lasts  for  very 
nany  centuries,  and  if  our  present  observations  are  preserved  during 
hat  time  for  comparison,  then  Uerschel's  theory  may  perhaps  be 
atisfactorily  tested. 
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Slathaniktl»1  .Vntronomy— R«c«pltulallDB  of  the  Facta  of  Um  ^tflbal 
Anotluir  grMl  8tttp  bM  b«pii  talon — Ldtgnuxgc'u  Thonrl^  bo«  fe>  I 
rMUjr  True— Tbe  SoUr  Syatun  not  Uada  of   Uigid  Hiwllw    Tutfi  I 
Tru«  to  OtMnrratian.  but  act  Atociltilcljr  Tnia  wh«n  Um  BodiM  m»i 
Thi>  Erron  of  Ubwnvlion — Gmwth  of  L-vrtoiD  Smatl  <|imiiiiW   f 
Fhennmona — Soiun  Aitmonuml  Ptunomonn   uv  not  Pariadie— tW  1 
How  the  Tide*  woro  OlMtfvod— DiMOTory  of  tbo  OtMuwctkm  b(i 
and  tlio  Umii— Solar  aad  Luiuir  Tid«a — Work  dono  by  Ihn  lUv— ft 
th«  TiiloB  obUin  thu  I>cw<r  bi  ilo  tlm  Work — Tidoa  aro  Incrat^Od 
of  thu  I>ii<r— Limit  lu  llio  SbiirtneM  of  the  Dmy—K^rly  Uutaiy  «<  Ik  I 
MiMR  .Sfiliuii— ITimtalilo  Kqiillibriura— HatJo  of  Om  VamUt  totUI 
Kulutv   Coiinc  of  the  Sj^stfiQ— Eq unlit y  of   tfao    Blonlli  iul4  tk 
Future  CrilinJ  £poub — Tlia  L'oiiiitjiiil  Kucc  of  tlko  Moon  am  i— iili4  I 
otbcT  tjiilu  uf  the  Mooft— The  tnuUilM  of  Man — Thetr  BovaiUb  1 
llavii  thd  'nd>«  PoMMWd  InHucnca  is  Uotddtog  Uio  Solar  SpUB  (, 
— Humcnt  of  HotnonbiBi— Tide*  Imt«  had  tUUo  or  no  "MiTTk***  M 
tha  Otbit  of  Jnpiter>— ConcluHoii. 

At  varioiui  jxiiiita  of  nur  proj;rc«»  tl)roug:b  tilts  vdluuif  tt  im 
ueceseary  to  dctiiil  ttio  melAoJs  of  i\'«v«n:h  wliich   liarr 


utronomera   to   tliose  ditcgveriei   Ly  tvhick    iMtroiKimr  \at  bd 
developed  into  a  branoli  of  acwiiec      Wc   bavc  txijluitmi  UrM 
tcte9CD|>e  has  been  employed  to  Bcnttiniiw  tint  li<-avi>iily 
survey  their  positions,  to  weigh  and  to  inoasurc,  luiil  in  < 
artittt  to  draw  tho  features  by  vhicb   tbey  are   cliaractoriM^. 
havi-   ulsD  indicated  Iiuw  anotlier  whole    ctiisti    nf  diwoi 
iirisen  iu  a  differcDt  manner.    We  have  itbown   bi)w  ob 
iifFord  to  the  mathematiciaD  tho  basis  on  which  bis  calcuhitiawi 
re«t«d ;  we  liave  vhowD  how  hr  can  disooTDr  truths  of  thv  taaUX 
•prciidiDg  gcni'rality—trut  hs  which  seem  to  \ukvn  no  bound*  i 
in  time  or  in  eiwou.     Vic  have  even  shown  bow  the 


*  The  theory  of  Tida]  Evolution  •kcicbcd  in  Uiu  fthapfr  is  ailnlr  i 
(VMUrclitv  of  ]>ro(o>Mr  0.  U.  Danria,  V.IL&. 
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lis  desk  has  felt  tlie  nnknown  planet,  And  f^id«]  tb«  telescope 
BBtronomcr  to  thr  point  of  iho  liptivens  m  wliifU  it  liiy.  \Vr 
e  in  this  (.-luipter  to  tinfold  nnotJter  moBt  rcmarkablv  moclcnt 
elopnicnt  of  astronomical  rvscnrcfa,  which  hws  enabk-d  ua  in 
dfgrce  to  explore  tlio  n^'rmt-n  of  nature  in  department* 
eloet'd  to  every  other  method  <jf  inipiir}',  ThtM  modem 
bea  Are  entirely  baited  on  inatheniutii'ii;  they  have,  in  bet, 
\i»  nnticipated  oliwrvatinn. 
Tu  appreciate  the  importance  of  theae  modem  reMewflm,  it  will 
well  to  reoill  clearly  the  standpoint  which  the  problems  of 
tTitational  lutronumy  occupied  before  the  new  departure  waa 
[lertitkcn.  Wc  may  illuntnte  the  point  moat  Riroply  by  taking 
vuunple  from  our  »oliir  sytitem.  Let  us  recapitulate  brielly  tJie 
itory  of  our  knowledge  of  the  motions  of  the  planets  around 
aan.  The  steps  of  that  history  are  fourfold.  \Vc  have  first 
establishment  of  the  CopernicaD  theory,  which  demonstrated 
mt  the  planets  revolve  aroand  the  aun.  Tiic  next  f;nmt  epoch  ia 
arkvd  by  Kepli-r's  famowt  discovery,  tliat  the  orbit  of  each  planet 
Im  an  ellipse,  with  tlie  sun  in  the  focus.  Tlie  third  epoch  is  that  of 
lo  Newtonian  diacuvery  of  gravitation,  by  which  the  motion  of  each 
lunet  in  un  cllijute  was  shown  to  be  a  consequence  of  the  law  of  uni- 
granl  gravitation.  Anotherstep  brings  us  to  the  labours  of  the  gmt 
^nch  mathematicians  at  the  close  of  the  last  century.  By  thcM 
lanrchcs  it  seemed  that  the  theory  of  gravitation  was  well-nigh 
Hnpleted.  It  was  sliown  that  though  the  planets  mutually  ilia- 
^rbed  each  other,  the  effect  of  these  disturbances  must  he  always 
tnnll.  The  eccentricity  of  the  etli|)ee  which  each  phinet  waa 
cscribiug  was  thown  not  to  be  coostaot ;  it  was  found  that  that 
ecentricity  was  for  ever  changing — now  waxing,  now  waning — 
ut  always  confinml  between  very  narrow  limits.  It  was  sliown 
bat  the  orbitH  of  the  pUneta  wore  Inclined  to  each  other  at  angl<« 
rbioh  were  always  changinff ;  but  tbt«o  changes  arc  merely  oscil- 
ittons,  for  the  angina  oonsUDtly  fluctuate  about  a  mean  value,  from 
rbich  th«-y  never  depart  to  any  eumsidcnible  diitance.  All  theae 
[invemcntH  nrc  j«riodie,  like  the  motion  of  the  planet  itaetf ;  and 
jElei  oscillating   through  amall   limite   for  a  naJMtio  period  of 


to  Kppnrvnt  inrg'iitnriHt^  in  tfl 
'which  (litnatidi-d  cxpluiiatJon.  Ol 
thus  always  in  ruJvonce  of  theory ;  htii  when,  at  1i 
hiid  ovfrtnlc«n  the  re«ulU  of  otwervation — when,  in^ 
(as  in  the  diwovery  of  N«ptun«),  theory  had 
obscrration — it  was  naturally  enp|>owd  llmt  the  th^ 
No  doiilit,  here  and  there  a  small  difBculty  remainMJ 
the  monii  vrould  not  come  up  to  the  meridian  wilLi 
the  right  time,  a  planet  would  be  slightly  cntt 
place,  or  a  salelltte  not  be  eclijieed  at  the  exp«<f;t 
thought^ — snd  often  truly  thought — thnt  tlieae 
imperfections,  which  closer  examination  would 
they  cont-liided  that  (gravitational  aatronomy 
perfect.,  and  that  the  trifling  discrepancies  renii 
ultimately  cleared  awny. 

Dazzled  by  these  brilliant  diacoverie«,   theoret 
had  done  but  little  for  many  years.     They  dw«lt 
on   the   great   classical   achievements,  and   cndesvoo 
there  to  patch  up  the  small  flaws  and  still  outstsadi 
of  the  theory.     At  length,  however,  tbeoretk-al 
been   aroused,  and   have   taken   another   grt.-nt 
deed,  ciiri'ms  to  note  what  has  Wen  tlic  origin 
researches.     The  energies  of  a  Laplacft  were  oolh 


ataadi 

i 
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' :  the  theory  t'>  whioh  we  wish  sow  to  draw  attention  is  «iitire1  j, 

ao«t  uutirrly,  in  otlvitnvc  of  aiitroiiomiail  obixrrvutiAn. 

That  tlw  f^ruat  di*cmv<>rioc  of  Lagrange  on  tlin  ittabititj  of  thv 

^ty  HViitvm  lira  correct,  w  in  one  nchko  utrictly  tniu.     No  one 

lesfirvi-ntiirvd  to  impcavh  tW  niathemuticit  of  Laj^mngi'.    (iivoa 

liM  iiliiiictjiry  (f  «tvin  in  tlic  fomi  wliich  LiM^iungv  •Munied,  mid  ihu 

lity  of  tbnt  nyittvn)  iit  awturtxl  for  all  time.     Tlien  is,  hovravM-, 

mmption  which  tjugmngt-  mukcB,  and  on  which  hi«  whole 

vraa  fonnUed :  hist  iiMMiitnptiun  i*  that  the  ]>laDct8  are  rigid 


Xo  douU  our  I'urth  ceema  a  rigid  hmly.  What  can  Iw  more 
lid  and  u1lyil^lding  ttian  the  moaa  of  roclcx  and  mcUil*  whioh  form 
earth,  »(>  far  a»  it  in  aocc«uhle  to  uk?  Iu  the  wiilc  realms  of 
ipacv  the  i-arlh  is  hut  as  a  particle ;  it  »urrly  was  a  natural  and  a 
itimale  aMumiition  t«  BU]>p»a«  that  tliat  jiariielu  wm  a  rigid 
y.  If  the  earth  were  ahaolatelj  rigid — if  every  ]ttrtick-  of  the 
rth  were  ahmilutrly  at  a  Bxed  distance  from  «v<>ry  other  particle 
>^iE  under  no  atrcmt  of  forces,  and  under  no  c-onccivablc  circum- 
lUnee,  the  earth  euuld  experience  oven  tli«  minulcgt  change  of 
b>rm — if  the  nme  could  he  itaid  of  the  Knn  and  of  all  tlie  other 
planet* — then  X^iigrangc's  prediction  of  thu  etvniid  duration  of  our 
system  muit  W  fnltilled. 

Milt  wliai  are  the  facts  of  the  cn»c?  Is  the  earth  really  rigid? 
We  koDW  from  exiwriment  that  a  rigid  hotly  tn  the  mathematical 
lenne  of  the  wonl  docs  not  cxint.  Uocks  are  not  rigid ;  ■t««I  ia  not 
jigid ;  even  a  dianiutul  ia  iMt  perfectly  rigid.  The  whole  evtJt  ia 
hr  ^m  being  rigid  even  «u  the  surface,  while  tlie  interior  ia  *ti]l, 
perhapa,  more  or  leea  lluid.  The  earth  caiinut  be  called  a  rigid 
['body  ;  still  less  can  the  larger  bodies  of  our  aystem  be  called  rigid. 
papiter  and  Saturn  are  perhaps  hardly  even  what  could  be  ndled 
solid  bodies.  Ibe  solar  system  of  Lagrange  consbted  of  a  rigid 
sun  and  »  number  of  minute  rigid  phuieta ;  the  actual  tolar  syatvn 
consists  of  a  sun  which  is  in  do  sense  rigid,  and  planets  which  ate 
ily  partially  eo. 
The  question  then  arises  as  to  whether  the  dtMoveriea  of  the 
t  mathenutkiaos  of  the  last  century  will  apply,  not  only  to  the 
u  II 


the  important  questions  nliich  arise  when  we  deal 
rigit!,  in  the  inat1iematic«1  sense  of  the  worJ.      Let 
take  the  simplest  of  the  laws  to  which  we  have 
law  of  Ke['Ier,  which  a»wrte  lli*t  a  plauet  will  re 
un  elliptic  path  of  which  the  ran  in  one  focus. 
veriRed  by  actual  oheti-vntinn :  imlcv*],  it  wna  esta 
vation  bcf«ri>  any  Ihcoivtteal  nplnnation    of  that 
projiounded.     IE,  however,  we  atatc  tin;   matter  wi 
preciBion,  vie  t.hii\\  lltid  timt  what  NVwton  reially  di 
thiit.  if  two  TitpA  i>urticte«  attract  t^iwh  other  hy  a  li 
THrii'8  with  tho  invene  tujtiare  of  the  dinluiioe  ImiI 
thi'D  «aeh  of  tite  ]iartii?tea  will  deBcribo  ati  ulli 
moil  (.-entrf  of  gravilr  in  the  focus.     Tin-  (lartb  ia, 
rigid,  and  hcnoc  it  was  natural  to  sup|>o»i«  that 
havioiir   of    the  earth   anJ    th«    sun    wnuhl,    tu 
extent,  observe  thu  simple  elliptic  law  of  Kepler 
fact  thoy  do  oh*CTve  it  with  such  fidelity,  tliat  if 
anco  for  otlier  eau»e«  of   dii>tiirlxinee,   we   mnno 
careful  olwrvationK,  detect  the  slij^hteet  variation 
of  the  curtli  nrixing  from  itii  want  of  ritTidity. 

There  is,  however,  a  subtlety  in  the  iiiveatig* 
mutics    which,    in    this    iostanc-e    ut    all    event«j 

fmiiiiniiiln    l.lii'    miwl,    ilplifattf    filnipi-viili.itij    n-Li^li     , 
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r|  woiy  tells  ns  thut  these  Uws  caonot  be  tnie  in   Qw  pl&oetary 
/ct4>R),  bernuee  tlie  bodies  in  lltnt  system  are  not  perfectly  rigid- 
low  id   this  (liecrepanoy  \a   be  removed?   or  it   there   ratlly  m 
paney  at  all?     Thwp  is  not,     Whfn  we  wiy  tlittt  Kcpler'ti 
have  been  proved  to  W  true  by  i>t>M-rvution,  we  mimt  rcflwl  on 
nature  of  the  proofs  whi(!h  are  ntluinithlo.      We  observe  the 
tnee«  of  the  planet*  with  the  ini>trutnents  in  our  obscrviiUirii* ; 
Iwse  places  are  measured  by  the  help  of  our  eloeks  and  of  the 
nuluxtnl  vin-k's  on   the  inKtniments.    These  obsrrvationa  are  no 
t  wonderfully  iicennttA;  but  tliey  do  not,  they  oannot,  possent 
Intc  necuriiey  in  the  niathernatioa)  sentte  of  the  wor*!.     Wv  cvii 
■^r  iuHlaiK'e,  deU-rniine  the  ploee  of  a  planet  with  Kueli  preeision 
Ikhftt  it  is  n'riniiily  not  one  Kceoud  of  nrc  wrong ;  and  one  (ceond  ik 
n  extremely  «mitll  quiktitity.     A  foot-rule  placed  at  a  divlanee  of 
lUt  forty  inihw  KubtendM  iin  uugle  of  a  seoond,  and  it  is  surely 
icate  M-Iiievetnent  to  ineaaure  the  place  of  a  planet,  and  feel 
lent  thut  no  iTror  greater  than   this  can  have  intnided  in1>i 
result. 

When  we  compute  the  results  of  observation  with  the  ealeu- 
ktions  eondueted  on  the  iwnuniption  of  the  truth  of  Kepler's  law*. 
nd  when  wc  pronounce  on  the  ai^reenu-nt  of  the  observations  with 
the  ealculHtioiiH,  there  \»  iilways  a  reference,  more  or  less  explicit,  ti> 
the  inevitable  errors  of  the  observations.  If  the  ealeulations  and 
ibservations  a^ree  to  closely  that  the  difTcreneefl  between  the  two 
re  uiinutc  enough  to  have  arisen  in  the  erron  inxeprable  fioui  tbr 
observationii,  then  we  are  ttatiiilied  with  the  aooordanee ;  for,  in  faet, 
DO  closer  agreement  is  attainable,  or  even  eonedvabie.  Now,  Ihe 
uBiWDce  which  the  want  of  rigidity  excman  on  tbe  fulTthnent  of 
Hie  laws  of  Kepter  can  be  estimated  by  calculation;  it  is  found,  an 
might  bo  expected,  to  be  extremely  unidl ;  bo  small,  in  tmA,  as  to  )»• 
coutaiiicd  within  thut  slender  margin  of  error  by  which  observati'inK 
Kable  to  be  affecleil.  We  an-  thun  not  ubia  to  discrimiiuile  bv 
ipotnal  measurement  the  effectn  due  lo  the  aWnoo  of  rigidity ;  ihey 
are  inextricably  hid  among  the  errors  of  observation. 

The  great  Uw  of  uuivermi  gmvitation  liaa  been  recently  nppKeU 
to  aatronomiejtl  discovery  in  the  direction  we  have  indicated.     By 
II  H  2 
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itd  means  we  ar«  enabli>d  to  peer  bnck  into  tho  lArfmdfM 
uid  trace  to  some  estt^nt  the  cbftngeii  whiuh  our  Nyvtenlwi 
gone.     Let  us  sttcmpt  to  reiultir  somo  accunnt  of  Uioc  i 
rescarcbes. 

At  the  ^ring  of  the  yvu  thv  ndvvnt  of  lh#  biida 
us  yearly,  the  bursting  of  thv  treuw  into  XtaJ,  and  thi ; 
olwDuig  o£  the  flowt-ra,  bring:  before  us  in  a  most  plouing  i 
the  principle  of  periodicity,  wbirlt  in  of  eueh  prKVulnw*  in  i 
The  astronomtcal  iibenomena  which  nrc  moat  ^miliar  u  ■! 
iudeed,  all  periodic.  W«  have  the  rising'  luid  BoUiiig  of  tbi 
we  have  tho  duinges  of  the  moon,  wc  have  tlio  cbanga  H 
seasons,  as  very  simple  iuHtanoes ;  but  tliLT«  an 
periodical  phenomena  with  which  aMtmnomfrs  an 
Take,  for  itutaiicc,  that  grrat  cycle  which  ia  acoomplahtd  a 
precession  of  the  equinoxes.  The  pole  «lc»crilN»  a  majntic  i 
iu  the  heavcoa  in  a  period  of  about  SO.OOO  yean;  bfil< 
long  period  scemii  brief  when  «ompare<l  with  aoitie  otb«r 
pbcnomuua.  Ttierc  is  a  atupcndooa  period  in  oar  sysUtm  aifl^ 
planets,  having  gono  through  all  their  tiiuttial  pcrturbatkM)  < 
tnencc  a  new  cycle.  All  periodic  phenotnctia  huve  one  ffnatl 
in  cummun  :  at  the  clooe  of  a  cycle  the  cunditioD  of  tl>r  (ril 
tho  same  as  it  was  nt  the  commeiicemeut.  For  oor  prtM-nl ; 
phenomena  of  this  kind  arc  immaterial :  th<-y  ore  not  tho  i 
tho  mighty  clmngos  now  to  occui>y  our  attention. 

There  are  some  nstrontnnical  phenomena  in  jjrogms  wMi 
not  periodic :  they  do  not  increase,  and   then  do crcoM,  wilb 
rhythm  of  tha  more  obvious  phenomena.      It   Ivchovca  us  ta 
very  i;losely  into  any  phenomena  of  thie  character :   for  Lbvy  m 
real  architects  of  the  uiiiveriK. 

There  are  two  elements  in  determining  Uie  etTavt  wbieih  ■■ 
eauso  can  produce.     One  of  those  elemen(«  is  tlit?  frTu-ipneyrfl 
cau»)  itself;  the  other  element  is  tbo  time  during;-  whirh  ihati 
has  acted.    Tlic  latter  factor  b  capable  of  indeftnitv  ttM-jnur. 
if  tltc  cnutc  W  eJitremely  small,  yet  if  the  time  durint;  wliirb! 
cituKe  Iiiw  acted  be  extremely  great,  tbo  result  ntt«iued  auty  ; 
stupendous  dimuovtoiis.     We  propoM  to  illustntta   mm  d 
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iBtanth'  acting  infliioiices,  which  has  hod  some  ehare  in  motildin^ 
'ur  solar  system  generally,  and  has  epecially  had  a  paramount  eliare 

the  derclopment  of  our  earth  and  our  moon. 
The  nrpnment  on  which  we  are  to  liase  our  reeearcbee  is  r«a11j 
«unded  on  a  very  familiar  phenomiMioii.     Then?  le  do  one  who  liaa 
visited  the  sea-side,  who  is  not  familiar  n-ith  that  rise  luid 

I  ot  the  sea  which  we  call  the  tide.  Twice  every  twenty-fonr 
the  sea  advances  on  the  beach  to  produce  high  tide ;  twice 
day  the  eea  again  retreats  to  prnduou  low  tide.  Thcw  tides 
ire  not  merely  confined  to  the  coasts;  they  ponetnttc  for  milca 
:p  the  courses  of  rivers;  they  iieriodicslly  inundate  gr«at  estuarico. 
n  n  maritime  country  the  tides  ara  of  the  moKt  profonod  practical 
importance:  they  also  po(«ees  a  significimco  of  a  £ar  less  obvious 
ehoracter,  which  it  is  our  object  now  to  investif^te. 

These  daily  pulses  of  the  ocean  have  long  ceased  to  b&  R 
Biystcry.  It  was  in  the  curliest  times  perccivwl  that  there  «u 
■  connection  between  the  tideit  nml  tlic  moon.  Ancient  writer*, 
■nch  as  Pliny  and  Aristotle,  have  referred  to  the  alliance  be- 
tween the  times  of  high  water  and  the  nge  of  the  moon.  1 
think  wv  fometimcs  do  not  give  the  ancient  astronomers  as  much 
cn*dit  as  their  shrewdncBS  really  entitles  them  to.  We  have  all 
rend — vtt  have  all  been  taught— that  the  moon  and  tho  tide*  are 
connected  tog«thvr ;  but  how  mnny  of  ns  are  in  a  position  to  sny 
that  we  luvv  netuully  noticed  that  connectiim  by  direct  j>er«onal 
olwerratioii  ?  The  firrt  man  who  really  studied  thiit  matt<-r,  with 
sufficient  attention  to  convince  liimwlf  and  to  ounvitieo  others 
of  its  reality,  wiui  n  grnit  philosopher.  We  know  not  his  name, 
we  know  not  bin  nation,  we  know  not  the  age  in  which  be  lived; 
Init  our  lulmirstion  of  hia  discuvory  must  Itc  iiK-rcascd  by  tlie 
rtflection  that  be  luul  not  the  theory  of  gnritatioa  to  guide  him. 
A  philosnplier  of  the  present  day  who  bad  never  Men  the  sra  eould 
Ktiil  pre<li<'t  the  itcccHsity  of  iule*  as  a  conseviuenoe  of  the  law  of 
nnivenuil  gravitation ;  Imt  tlw  primitive  astronomer,  who  knew  not 
of  the  invixible  bond  by  which  all  bodies  in  the  univene  are  drawn 
together,  made  a  splendid — indeed,  a  typiml — inductive  discovery, 
wbcu  he  ascertained  the  relation  between  the  moon  and  the  tides. 


tfi«  tide.     All  matters  rvlutin|>  (o  the  tide  would  tUits  i 
his  duily  obticrviitioii.    His  *liu\y  work,  the  Ru«^).ft9i  uf  |)j| 
tliL-  security  of  liif>  Itfo,  (Ic|N:itiJ  ufteu  on  the  tiilt.-s; 
would  be  Holidtouo  t<>  li!urn  frum  his  ol>servation  all 
VK-ful  to  bim  in  llio  futun*.    To  the  voanting  wulor 
thu  diij-  is  tile  time  of  high  water.     That  time  T&nc 
<lu>- ;  it  is  tin  hour  or  more  Inter  to-uotrow  than  u 
i»  DO  very  xiinpltf  rale  which  na  be  rnunciatcd,     1 1 
ihcivfore  weleomc  glumly  any  rule  which   wotiM  giiJa 
matter  of  sui^h  importance.     Wo  eun  mnku  a  cuujix.-tt 
manner  in  which  such  a  rule  was  fint  discovered. 
that  a  Railor  at  CaluiH,  fur  example,  in  makitig-  for 
lias  a  beautiful  night — the  moon  is  full ;  it  ^uiden  In'm  « 
ho  gets  safely  into  harbour;  antl  the  next   moriiiu^ 
tide  high  l>etue<:n  11  nnd  H*    lie  oflmi  repc-ala  the 
but  be  lin<l»  sometimes  a  low  and  incouvenieDt  tide  in 
At  length,  hottever,  it  oceiira  to  him  thut  ir^^iii  4^  Jit^^ 
night  he  has  a  high  tide  at  II.     lluti  ucc-uni  onoe 
thinks  it  is  but  a  chanee  coineidt>nc«.     It  occur* 
At  leogtb  ho  linds  it  always  oecurs.     Ho  tella   the 
milors;  they  try  it  too.      It  is  inrarLahty  found   tU 
moon  is  full,  the  high  title  always  recurs  at  the   Kimiu  | 
same  place.    Tlie  connectioD  between  the  moon  und  tbi 
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V^le,  hy  wliich,  from  the  state  of  the  moon,  he  «aD  *t  oooe  tell 
y^tc  timi:  wlicn  the  tide  will  be  high  nt  the  port  where  his  occu- 
^^lion  liee.  A  diligent  obeerver  will  tiBc«  a  etill  further  con- 
eclion  between  the  moon  and  the  tides :  he  will  obeerre  that  mme 


«K 


iif*)i  tidt-s  rise  hij^her  than  blliera,  that  somv  low  tides  fidl  lower 
'ban  others.  Tbia  is  a  matter  of  Rteat  prattica)  importance.  ^Viieit 
^  danj^Fous  bar  haa  to  be  croBsed,  the  lailor  will  fi-el  niuvh 
"Hddittonal  secunty  in  knowinff  that  hu  lit  rurricd  over  it  on  the  top 
"^f  a  aprini;  tide ;  or  if  ha  bu»  to  cunt4.-»d  nj^ainst  lidal  cnn-L-»t«, 
'''which  in  «om«  ]>Ia(.vH  hiiw  enormous  force,  he  will  natunlly  prefer 
■vfor  hia  voyage  the  nrap  tideN,  in  wbieb  the  strength  of  tlieee 
■^current*  ia  Irm  ihun  utual.  The  spring  tides  and  tbo  neap  ttdex 
'*  will  bMome  familiar  to  him,  and  tic  will  perceive  that  tlic  spring 
M  ti<lni  occur  whi-n  the  moon  ia  full  or  new — or,  at  all  event*,  tliat 
ft  the  apring  tides  are  within  a  ctrlain  eonstant  number  of  days  of 
^  the  full  or  new  moon.  It  ma,  no  douht,  hy  reasoning  such  ok  this, 
JM  that  in  primitive  time*  the  eonncctioD  between  the  moon  and  tbe 
i   tide*  eamc  to  be  ]>eroeived. 

t(  It  was  not,  however,  until  the  great  discovery  of  Newton  had 

I    diseloaed  the  law  of  univenal  gravitation  that  it  beeanie  possible  to 

}    give  a  ph}sieul  explanation  v!  the  tides.     It  was  then  seen  bow  the 

I     moon  ullnu'ts  the  whole  earth  and  every  particle  of  the  earth.     It 

I     was  s(i-n  bow  the  Ihiid  itartick-s  whieh  form  the  oceans  on  the 

vnrth,  were  enabled  to  obey  tbv  attraelion  in  a  way  that  the  eolid 

p..rts  eould  ni)t.     When  the  mi>on  ia  overhead  it  draws  the  water 

up,  as  it  were,  into  a  bi-ap  underneath,  and  thus  gives  riee  to  the 

high   tide.     'Hie  water  on  the  opposite  ftide  of  the  laith  is  aW 

affit'ted  in  a  way  that  might  not  he  at  first  anticipated.    The  moon 

altnu-'ls  the  solid  body  of  the  earth  with  greater  intensity  than  it 

attracts  the  water  at  the  other  side,  which  lies  more  distant  fmm  it. 

The  earth  is  thus  drawn  away  fn)m  t!»c  WBt«'r,  which  nt-f^nlingly 

exiiibits  a  high  tide  as   well  on  the  side  of  tlw  earth  away  frt>ni 

the  moon  as  on  that  towards  the  moim.     Tlie  low  tides  occupy  the 

intermediate  positions. 

The   sun   also  esoitea   tides  on   the   earth,  bnt  owing  to  tJie 
Unrest  distancv  of  the  sun^  the  diBcreueo  of  its  altrac-twii  on  ibe 


tbe  oonditionB  of  a  particular  case.      Owid^  to 
tlie  tiiles  vary  eimrmouitly  at  the  ilirTorcnt  parts 
a  l'oii6dci1  area  like  tlie  Mediterranotin   Sen,  the  tid 
comparatively  *miUl  nuig4>,  varying  nt  diffenmt 
foot  to  a  Fvw  f«>et.     In  mi(l>ocean  alt«o   the  tidal 
not  larfje,  am'iiintin^,  for  inslancc,  to  n  ran(fe 
St.  Hdena.     Near  Uiv  ^-at  contineutnl  ina«scti 
very  much  modififil  l>y  the  coasts.      We   find  at 
eighteen  or  niii«t«en  fc«t|  l>ut  the  moxt    rcmarkal 
British  TslaDrlR  arc  those  in  the  Bristol  C'hannel, 
stow  or  Cariliff,  tbfre  iit  a  rise  and  fall  Juriagr  oiiring 
height  of  thirty-seven  or  thirty-eight  fert,  and  at  m 
height  of  twenty-eight  or  twenty-nine.     Tlicee  tWi 
in  magnitude  at  othi^r  parta  of  tlie  world.     The  j^-a 
are  tlio^  in  the  Bay  of  Fnndy,  at  some  part«  of  whij 
fall  at  spring  tides  is  not  less  than  fifty  feet. 

It  will,  of  eonrse,  be  obvious  tlint  the  riHtn^  bIk! 
tide  is  attoixli-d  with  the  formation  of  onrrentA.     Su< 
indeed,  wWl  known,  and  in  some  of  our  Rreat  rivers  til 
utmost  consequence.      Theee  carreDts  of   water 
slreama  of  any  olhi-r  kind,  lie  made  to  <Io  uiK'fuI 
for  inrtance,  impound  the  rising  water  in  a   r<*Sf 
tide  falls  wft  i-mi  foimiel  the  endoewl  \rat<T  (.■  »■„ 
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^"■"tliwe  100  lK>r*e-|Knrer  would  be  -H)  aercf.    The  whole  qupation  is 

^"*'n  reduced  to  the  nmpte  one  of  ^-xpeoite :  woiilil  tin?  con»tniction 

P"*!  th«  muiiilrnnnoc  of  this  rwcrvoir  be  more  or  \v»it  contly  than 

»  erection  and  the  mninUriant'e  of  m  ntwwn-cnyino  of  rsiairnlcnt 

^  ^Krvr?     In  innxt  cum-*  it  «-»iil<I  necm  lliut  the-  luttiT  wmiIiJ   be 

W  *r  far  thi>  chniijcr;  nt  ikll  evvnt«,  wc  do  not  iinH-ticaltjr  find  tidal 

^^^lU's  in  u»c,  Ko  that  the  power  of  the  tUlea  it  now  ranninf^  to 

^  ^A»le,  no  1«M  timn  the  power  of  Niagara  itaetf.     Tlie  economical 

i^lipeels  of  tli«  auc  may,  Iwwevcr,  be  very  profoundly  altered  at 

l^btRie   remote  epoch,  wh«n   our  Htores   of   fuel,   now   fo  lavishly 

b  icpended,  give  appreciable  lif^ns  of  approochinj;  exliaustion. 

g^      The  tides  are,  hon'ever,  doliiff  work  of  one  kind  or  another.     A 

^^ide  in  a  river  eatiiar}'  will  anmetimes  scour  away  a  liauk  and  <»rry 

^fte  materials  elsewhere.     Wo  have  here  work  done  and  energy  oon- 

i^^aiDcd,  just  ae  nioeh  as  if  the  eamc  1a«k  had  been  acromplislied  by 

^  •npinecrs  ilirectin;;  the  powerful  arms  of  navvies.     We  know  that 

work  cannot  U>  done,  witliont  the  consumption  of  enei^  in  some  of 

^Jii*  form"!  whence,  then,  comes  the  energy  which  supplies  the  power 

^of  the  tides?     At  a  firrt  gtnnee  the  answer  to  this  question  seems  a 

Terr  obviotie  one.      Have  we  not  said  that  the  tides  are  cauxod  by 

.     the  moon?  and  must  not  the  enerjty,  therefore,  be  derived  from  th« 

moon?    This  seems obrious  enough,  but  unfortunately,  it  is  not  true. 

.  It  IB  one  of  those  cases  by  no  means  infrequent  in  Dynamics,  where 

the  tiiitb  is  widely  different  from  that  which  scrms  to  be  obvionaly 

the  case.     An  illustration  wilt  perhaps  make  the  matter  clearer. 

When  a  riHe  is  Hrcd,  it  is  the  linger  of  the  rifleman  that  pulls  the 

trigger;  but  are  wc,  then,  to  say  that  the  enerigy  by  which  th« 

bullet   has  In-en   driven  off  has  been  MippHcd    by  the  rillemaii? 

Obviously  not ;   the  energy  is,  of  courwc,  tlue  tii  the  gunpowder, 

and  all  the  riOcman  did  was  to  provide  the  means  by  which  the 

energy  utoM-d  Up  in  tlie  powder  couKl  bi-  Ultcraled.     To  a  certain 

[extent  we  may  eom|<an.<  this  with  tlie  tidal  problem;  the  tidea 
raisdl  by  the  moon  are  the  originating  mtuio  whereby  m  certain 
ftoro  of  energy  is  drawn  upon  anil  applied  to  do  aueh  work  ua  the 
lido*  on  oom|<etent  to  jjerform.  This  store  of  energy,  strange  to 
my,  doea  not  lio  in  tltc  moon;  it  i*  in  thu  cArth  itMlf.    Indeed^  it 
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is  extremely   rtnnwlCBbltt  Uiat    the    moon    actually 
from  thir  tidvs,  l>y  ileclf  klworbini;  some  oF  tho  Ktnn  «k 
in  the  earth.     TliU  is  not  put  forwanl  ns  »n  ohriamti^i 
deeil,  it  is  very  for  from  Xw'nig  obviuiis,  nti  it  dvjHMula  vjmii 
dynamical  tht-orom. 

Let  iiH,  howi'vrr,  clt-urly  tmderKtuii(]  tlic  nature  of  tWi 
store  of  Giicrg}'  from  wliiuli   the    li(K'«   draw    llirir  poMt,i 
wbicli  i'vcii  Ui(^  moon  bcrKrlf  iiuiIci'h  Urg^'  und  infissMti 
whnt  mnse  does  ihe  <«riit  powcw  a  Htore  of  energy  T    N*^ 
liDow  that  Uio  vnrtli  mttitCR  oq  ita   axis   ont^  erviy  ibjr^ 
lliis  rotalivD  wliit-h  if  Ihu  ouurce  of  the  t-nerjfy.     Lrt  at ' 
tlif  rututimi  of  the  eurth  with  the   ntUtttoti  of  ihi-  By-tfc 
loDfrii)^  to   II   KU>ani-engiue.      Tlie    mtatiua    of    tb«  Bf-< 
nrally  a  rtwrvnir,  iuto  uhk-h    the  en^rinu    pours  eDrr^v 
Htn^ko  uF  the  piston.     The  various  niachinec   in  tlw  uu^  < 
hv  the  en^ne  merely  draw  un  the   storv  (if   energy 
in  the  fly.nhee).     The  earth   may  be    liketird  to  a 
wheel   detachrd   from    the   Mi^intr,    though     atill   coui 
the    iinurhinvK   in    the    mill.      From    its    Blujieodoua 
and  frutn    it^   rapid   velo<!ily,   that   i^eat    lly-wbee) 
fiiormoiis   store   of  energy,  and   tliut  energy    oiu«t   Iw 
before  the  tly-wheel  eomt^s  to  rest,      lleneu    it  u  that  (lis 
tides  are   caused  by  the   moon,  yrl    the   vner};y    tlw^ 
obtained   by  simply  drawing  on   the  vast  sniijily  readr  bi  \^i 
the  rotutioD  of  the  earth. 

There  w,  however,  a  distiuetion  nf  a  very  fundamental  • 
between  the  earth  and  tlie  llj -wheel  of  on  eii^riDe.  A*  Uhi 
is  withdrawn  from  the  Hy-wht«l  and  eonaumcd  by  tW 
machines  in  the  mill,  tt  is  oontinually  re|tlui.t!d  by  trnb 
which  flows  in  from  the  rxertions  of  the  utfutn-mfpne,  aad' 
the  velocrity  of  the  ily-wheel  w  niaiiitaintd.  Itut  the  earth  a' 
lly-wheel  without  the  en^piie.  When  the  tidiMi  draw  nn  lbs 
of  energy  and  ex]H-nd  it  in  doing  work,  that  enerj^y  ia  not  iiiW"*! 
'I1iu  coDsctjueDvc  is  trrcfiistiblo :  the  envr;^y  in  ibe  rotalum  of '^1 
earth  must  be  decrt-asing.  Iliis  Icsdr  to  a  ooiMrf|iii-n<x>  of  ibt  *^\ 
ulmoet  Ktgnilicanee.     U  the  e&giue  be  cnt  off  Trom  tlie  flt-* 
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fvcrj-  ciiio  knowi',  lUf  inawiivc  (Ij-wrln-cl  may  ittill  jrive a  f«w 
«,  Init  it  will  ii|>r4t]ily  cuniv  t<>  i«itt.  A  Nimttar  itif«mH!« 
b«  miitlc  with  rr(r»nJ  to  the  mrtk ;  but  its  atore  of  energy  iv 
i<Mi«,  in  com ]>iiriiiflii  nilli  tlie  demands  which  arc  mude 
that  the  ■.■nrlh  in  nhlt'  to  hold  out.  Agf»  of  couutletA 
ioii  mti»t  clajM'  Wforv  the  riu>rgy  of  the  earth's  rotation  cau 
mpletely  exhausted  by  »udi  draftn  m  the  tides  are  capable  of 
Nevertheless,  it  lk  m.-veitMaril)'  true  that  the  energy  is 
mg;  and  if  it  be  deereasinjf,  then  the  >i>et-d  of  the  earth's 
ion  must  be  surely,  if  slowly,  abatio);.  Now  we  have  arriveil 
«on6e<|Uciice  of  the  tides  which  admits  of  being  slated  in  the 
tint  lan;;ua^-.  If  the  s{;c«d  of  rotation  be  abating,  llivn  the 
th  of  tho  day  must  be  incmisin);  ;  and  hence  ire  are  conduetid 
he  following;  most  imjwrtant  statement ;  that  the  tidet  ate 
minfi  the  IrnylA  of  tht  day. 

To-day  is  longer  than  yestenlay — to-morrow  will  be  lun^rtr  than 
pty.  Tlio  diffcrenve  is  so  small  tJiat  even  in  the  eourM'  of  iij^-s 
)an  hardly  be  said  to  have  been  distinctly  established  by  obser- 
{on.  We  do  not  pretend  to  say  how  mnny  centuries  have  elaf-acd 
fe  the  day  was  even  one  second  shorter  than  it  is  at  present ; 
I  centuries  are  not  the  units  which  wo  employ  in  tidal  evolution, 
pillion  years  ago  it  is  qtiitv  probable  that  tho  divergence  of  the 
^h  of  the  day  from  its  present  value  may  have  been  very  uin- 
k»ble.  Let  us  take  a  profound  glance  bnok  into  the  depths  of 
ea  past,  and  eee  what  the  tides  have  to  tell  us.  IE  the  present 
Br  of  things  has  lasted,  the  day  must  have  been  shorter  and 
rter  the  farther  we  look  back  into  the  dim  past.  The  day  i« 
t  twenty-four  hours;  it  was  once  twenty  hours,  once  ten  hours; 
ras  once  six  hours.  How  much  farlher  can  we  go?  Onix-  the 
ibotire  is  post,  we  begin  to  approach  a  limit  which  ronst  at  *umc 
Dt  bound  our  rctrusjicet.  Hw  shorter  the  day,  the  morc  is  tbv 
tl)  bulged  at  thu  e^^uator ;  the  more  tlie  cartb  is  bulgitl  at  the 
fttor,  the  greater  is  the  atiain  put  upon  tbo  materials  of  the 
tl)  by  ibc  centrifugal  foree  of  its  mtation.  If  thv  earth  wore  to 
DO  faat,  it  would  be  uiuble  to  cohere  togellier;  it  would  sepsrate 
{JKM,  just  a*  a  grindstone  driven  too  rapidly  '\m  rent  anunder 
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uepenoB  upoii  uw  euect  w  iiiiwurw,  wuni  on~ 
rately  known  to  us.     An  c^liiniito  oF  the  cnt 
ever,  Ijwii  Pintle,  niul  it  iaa  bvou  ttliown   tlittt 
rolntion  whioh  the  earth  couti]   haw,  wiUioui 
ubout  three  or  four  hours.     The  doc-trine 
thus  conducted  us  to  tlie  eonclnsinti   that, 
teroote  e)x)ch,  the  earth  van  i(i>iniiiiif>^   roun^ 
approximating  to  three  or  four  hours. 

We  thus   learn   th»t  we  ure    indebted 
^T^ual  elonjration  of  tJic  dnj-  from    its 
twenty-four  hourH.     In  obedience  to  one 
laws  of  nature,   the  «rt.h  luu  react<Hl  on   tl 
action  of  the  earth  luw  taken  a  tunable  fd 
consisted  in  (■mdually  driving  the    moon 
We  may  obsi-rvc  thnl  tliia  dm-ing-  awmy  of! 
a  piece  of  retaliation  on  the  ]iiart  of  the  earth. 
on  me,"  says  the  earth,  "and  I  do  not  like 
the  tides,  so  I  |>ni(luaUy  push  yoa  »way.      Jf .; 
the  tides  on  mo,  then  I  will  stop  pushing- 
revolve  round  each  otlier  imiforniij  and   for 
quonco  of  tlic  rctrtut  of  the  moon  is  sulhcivntlj 
path  in  n-Lich  the  moon  tK  revolving   hiut 
radius  of  2 10,000  miles.     This  radius  must  be"« 
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tly  closer  than  it  is  at  prps^ut :  until  at  length  we  find 

distance,  iQstvsd  o£  bciii;;  240,000  mill's,  baa   dwindled 

to  40,000,  to  20,000,  to  10,000  iniU>s.     Nor  need  we  etop 

CMt  wt  sto]>^iintil  wc  find  tbc  moon  actually  close  to  the 

's  surfiice.     If  till.-  laws  uf  nuttirf  liitvc  liist^-d  loiter  enough, 

if  there  lui«  been  no  est<TDul  iiitcrftTcncv,  then  it  (snnot  be 

'tod  tJiat  tile  moon   and   the  earth  wvrc  onoc  in   immediato 

iy.     It  is  ctuty   to  ulculatv  tli«  time  in  which   the  moon 

,vo  been  rvvolving  round  the  earth.     The  ootrer  the  moon 

quicker  it  muHt  rcvulvt?;  and  at  the  wondrotu  e|i«eh,  whvn 

mooD  wait  cloK  to  thtt  varlh,  it  must  have  eomplctvd  eu<:h 

ilution  in  iilxiut  three  or  four  huure. 

bis  had  Ivd  to  one  of  the  most  daring  apeeulaliotiii  that  Iiub 

been  made  in  aatronomy.     We  cannot  refrain  from  <'niineiutin|* 

l>ut  it  must  be  remembered  that  it  is  only  a  Bpeculntion,  and  to 

■HKived  with  cornt>]K>niling  reserve.    The  speculation  is  intitniled 

pffwcr  ibe  ijucstion,  \Vhat  brought  the  moon  into  that  position, 

U  to  tiie  vurfiuM)  of  llic  earth  ?     We  will  only  say  tltat  llu-ru  ia 

gnveiit  TfOjcuu  to  Wlievc  that  tJie  moon  vaa,  at  some  very  early 

M(  frai^tiired  off  from  tlie  earth  when  the  tttrlli  vni»  in  a  soft  or 

^io  condition. 

I  At  the  beginning  of  the  history  we  found  the  earth  and  the  moon 
Be  together.  We  found  that  the  rate  of  rotation  of  the  earth  was 
br  k  few  hours  instead  uf  twenty-four  houra.  We  found  that  the 
n  completed  its  journey  roiind  the  primitive  earth  in  exactly 
I  same  time  as  the  primitive  earth  rotated  on  its  axis,  so  tliat  the 
k  1>odies  were  then  coustantly  face  to  fan.  Such  a  state  of 
bgs  formed  wliat  a  mathematician  would  describe  as  a  ease  of 
liable  dynamical  equilibrium.  It  could  not  lust  It  may  be 
Dpared  to  the  case  of  a  needle  balanced  on  its  point ;  the  needle 
nt  fall  to  one  side  or  the  other.  In  the  same  way,  the  moon 
lid  not  continue  to  preserve  this  )>ositioo.  Tlwire  were  two 
mes  open  :  the  moon  most  either  have  fallen  back  on  tlio  earth, 
I  been  re-absorbed  into  the  mass  of  the  earth,  or  it  must  have 
nmenccd  lis  outward  journey.  Which  of  these  courses  was  the 
on  to  odopt  ?     We  have  no  means,  jiorha])*,  of  kaowin^  czacUy 
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wlwt  it  was  wliich  ili'tcrmlnttl  the  mwn  t"  «w  cranri 
anoth«r(  but  ae  to  tSp  cvtirM^  \rl)it.-li  inw  wltullrtika 
BO  donbt.  The  fuel  that  the  monii  exists,  ikm  it 
return  to  the  tortli,  but  iHimmcnrMl  its  oatvnud  , 
mnon  recedes  from  the  enrtli,  it  mtint,  in  confom 
Uw8,  n^nire  a  lougiT  time  to  oomplftc  its  rfrnt"' 
happened  thnt  froin  thu  ori^nal  pt-riotl  u(  otAj  ■  in 
(liintiun  linii  incrvucd  nntil  it  has  reached  tbn  pnM 
of  65l>  Uoiini.  'rh«  rot«ti<in  of  the  rarth  bM,  rf 
ItPt-n  m<K]ili«l,  in  aeoord»nct^  with  the  rrtntl  tl 
Oner  the  moon  liad  (Mmmrix-cd  to  reentft  thr  aitk  *> 
fn>m  the  obli^tion  which  ntjiiin't)  it  cwn^taallj^  tu  iiM' 
fu-c  to  the  moon.  When  thv  miNm  bad  mxM  b 
(]i»t»nce,  the  earth  would  coniftletc  the  nrtation  in  W 
that  required  by  the  moon  for  one  revolution.  Still  tbr 
furllter  and  further  away,  and  the  dumtiua  ol  tk 
incruiMCH  lu  a  corresptindinf;  extent,  until  tfart>r,  foor,  c 
(or  rotations  of  the  earth)  arc  id<>[ittral  with  the  bimA 
lution  of  the  moon).  Although  tlie  niimbor  of  danii 
incriNtN'!',  }'H'  wu  are  not  to  euppotw  that  the  ntt*  d 
rcit4ttinn  i»  IncrMiHing ;  indeed,  the  coDlrary  ie  the  fact 
rotation  in  getting  dlower,  and  bo  ih  the  revolution  tt 
but  The  retardation  of  the  moon  !»  murh  gn-atvr  thoa  lU' 
earth.  Even  though  the  period  of  rotation  nf  the  rtutfc  W: 
increased  from  its  ])rimitive  iTihie,  yvt  tlw  jirriod  dft» 
has  increased,  so  tliat  it  is  8ever»l  times  ao  Urge  ai  tktf 
rotation  of  tbe  earth.  Ae  age*  roll  on  the  moon 
ami  further,  its  orbit  incTWi*M,  the  iluralion  o(  thf 
augments,  until  at  length  a  very  noticeablo  epoch  i* 
which  is,  in  one  sense,  a  enhninating  [loint  iti  (he 
moon.  At  this  epoch  the  revolutioii9  of  the  moon, 
sured  in  rotations  of  the  earth,  attain  tht-ir  Kreatert 
would  seem  that  at  this  time  the  month  wua  ab«>ut 
day&  It  is  not,  of  coarse,  m«ant  that  t>ie  munth 
that  epoch  were  the  month  and  tite  day  aa  uur  elix-l 
tini).     Both  were  shorter  thvn  than  now.     But  w 
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tliiii  <'|nioU  tlie  i«artb  roU(«l  twtnty-nim*  timwi  on  its  nxis 
e  tnoiiri  ciini]>lvt«d  nnf  circuit. 

epcM'h  hfttt  now  been  iwkkocI.  No  ntt«in|)t  on  be  nwdc  at 
to  evslunti'  tW  dnte  of  that  rpovli  Jn  our  ordiiuirv  uniU 
arenicnt.  Al  Itie  ftanii-  timo,  ln^wever,  no  doulit  can  be 
led  us  U\  the  immeasurable  antitjiiitv  uf  the«venl,  in  com* 
with  alt  hisitorio  r«cordii;  but  whether  it  is  to  be  rtvltoned 
reils  el  thousamls  of  vcara,  in  millions  of  vcara,  or  in  tcno 
•ns  of  years,  must  be  left  in  great  <le(fn?e  to  conjecture. 

remarkiible  epoch  once  paHfed,  wo  find  that  the  course  of 
n  the  earth-mo<in  oyiilen)  begins  to  altape  itaelf  towardti 
larkable  final  stage  whieh  liaa  p^iints  of  T«3eniblanc«  to  the 
\b^.  The  moon  Mill  eontinuea  to  revolve  in  an  orbit  with 
ter,  steadily,  though  very  slowly,  growing.  The  length  of 
(tfa  is  accordingly  increasing,  and  the  rotation  of  the  earth 
till  constantly  Trtnrileil,  llie  length  of  the  day  is  also  con* 

growing.  But  the  ratio  of  the  lengtJi  of  the  month  to  the 
)f  the  <lay  n«w  exhibiu  a  cluinge.  Tliat  ratio  liad  gradually 
i,  from  unity  at  the  commencement,  up  to  tlie  maximum 

Bomewtiere  almut  twenty-nine  at  the  epoch  just  referred  to. 
io  now  begins  again  to  decline,  until  we  fmd  the  earth 
oly  twenty-eight  rotations,  instead  of  twenty<nin4,  in  one 
on  of  the  moon.     Tlie  decrease  in  the  mtio  cuntintice  until 

her  twenty-Rcven  expresses  the  days  in  tlw  month.  Here, 
n-i<  have  an  epoch  which   it  is  impossible   for  us  to  ]mu» 

special  comment.  In  all  that  has  hitherto  been  aid,  we 
m  dealing  with  erents  in  the  dixtanl  pact;  here  we  have 
b  arrived  at  the  present  slate  of  the  earth-moon  systvm. 
fl  Dt  this  epoch  are  our  well-known  days,  the  montli  is  the 
>wn  period  of  ibc  revolution  of  our  moon.  At  tW  prrsent 
I  miinlh  is  about  twenty-seven  of  our  diiv",  and  tbis  relation 
Mined  NcniiiMy  true  for  thounuub  of  yearn  paat.  It  will 
t  to  remain  itenicibly  true  for  thomnntls  of  yarn  Io  ■ 
irill  not  rnnain   truv   indefinitely.     It   ia   mm 

grand   tramrfomintion ;   it   may  potWM  L 
■nee  to  onr  spbemenl  viow,  juat  m 
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ncvm  at  ivst  wlien  illumiiiiititl  by  tbo  electric  epuk.bc 
cuiit«inplatc  llie  might)'  history  with  conoeptjodi  of 
0Dou<fli  (or  astronomy,  wc  realise  bovf  the  frttalt 
eartli-moim  system  can  luive  do  greater  pernuuwect 
stajjc  in  the  history. 

Our  tiarmtivc  must,  however,  now  assume  « 
Wo  have  bocii  »]ii»kmg  of  tlw  past ;  we  Imv«  been 
preeeot;  e&n  we  suy  nuythiii^  of  the  future?  Hm, 
tides  eomc  to  our  a«ftit<laitce.  If  wc*  have  riffhtly 
truUi  of  liytminUrK  (uud  who  w  there  dow  tUntraado^ 
we  sliall  be  eDabU>d  to  make  u  forecast  of  tb<.<  (urtW 
the  eurth-mooii  system.  If  tl>i-n>  be  no  intrrroptias 
external  Hource  at  present  unkuowa  tx>  us,  we  can 
liiii?,  at  all  events — the  stibsequfiil  caret'r  of  tbe  nwcB. 
■ee  how  the  moon  will  still  tollow  its  outward  cotinr.  Ik 
which  it  revohea  will  prow  with  incredible  hIowdcm,  bat  ;• 
always  grow ;  the  progress  will  not  be  reventod,  at  all  era*, 
the  liual  sta^  of  our  history  has  been  attained.  V*A 
HOW  delay  to  dwell  on  the  intervening-  stages;  m  viB 
atlt-mpt  to  sketch  the  ultimnte  ty{x-  to  whieb  oar  stjbUb 
the  dim  future — countless  millions  of  yean  to  eoai»— tti 
«t«^  will  be  apprcaehcd.  The  ratio  of  tbe  niotith  tu  the  ^, 
deeline  we  have  alreuly  referred  to,  will  continoii  todscloa 
jicriod  of  revolution  of  the  moon  will  ^row  lon^^-r  and 
the  length  of  the  day  will  increaeo  much  more  rapidly 
increase  in  the  duration  of  the  moon'a  pi^iod.  Krxim  the 
twenty-seven  days  we  shall  pass  to  a  mouth  of  twmtr-« 
and  so  on,  until  we  shall  mieli  a  month  of  ten  daya,  and, 
month  of  one  day. 

Li^t  us  clearly  understand  what  we  luean  by  a  atailki 
day.  We  mean  that  the  lime  in  which  the  nmoii  revnl«i# 
the  earth  will  he  eijual  to  tlic  time  in  which  the  (tuth  ivis' 
its  axis.  The  leitj^h  of  tliis  day  will,  of  c-ourso,  b^  tartlt 
than  our  day.  The  only  element  of  nnwrtniuty  in  tlwM 
arises  when  we  attempt  to  ^ive  tiumeric-al  ncounurv  tA 
ments.    It  seems  to  be  as  true  as  tbe  laws  of  dyoaniics, 
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«artb-inoon  qnt^m  in  wliioh  the  day  and  the  montb  «re 

'miist  be  ultiinaUly  attained;  but  when  n-e  attempt  to  state 

ileni^b  uf  tliat  day,  we  introduco  a  haxanlous  element  into  the 

ity.     In  giving,  tlitfii,  unjr  twtiraatc  of  lU  length,  it  rouat  be 

fltvtood  that  th«  magnitude  is  «tjiU-<]  with  f^reat  reserve.     It 

r  In  •rronooiis  to  some  cxtrtit,  tb<iiij;h,  iierhajn^,  not  to  any  con- 

Imbk  amount.     The  length  of  this  great  day  would  seem  U>  be 

bat  equal  to  flTty-RevfQ  of  uur  days.     In  other  word*,  at  some 

time  in  thi'  inercdihiy  distitnt  Eutnrc,  the  earth  will  lake 

ini;  like  I.IUO  hoiirM  to  [KTrurtn  a  rotation,  while  the  moon 

I  eomi>l«te  it«  journey  jin-ciNely  in  the  Kami)  time. 

"We  thuK  HT  how,  in  nomc  reKpectM,  the  first  sta^  of  the  eartb- 

u  RyNtem  aixl  ibu  lii»l  stage  rewmhlo  eikoh  other.     In  oa<-b  caM 

bavc  tin-  day  (qiial  to  the  mouth.     In  the  first  case  the  day  and 

aiontli  wi;re  only  a  small  fraction  of  oitr  day ;  in  the  liut  stage 

diy  and  month  are  I'lu'ii  a  larf^  multiple  of  our  day.     There  tjt, 

(rtwer,  u  pntruimd  contruot  betwxvn  the  first  erilical  epoch  and 

)  lut.     We  hare  aln.iudy  mentioned  that  the  first  opooli  wiw  one 

\  anitability — it  could  not  list ;  but  this  second  state  is  one  of 

■nnical  stability.     Onii.<  tliat  stat«  has  been  aequired,  it  mu&t 

P^ttmonent,  and  would  endurv  fur  ever  if  the  eartb  and  the  moon 

RiM  be  isolated  from  all  external  interference. 

f  Then  is  one  •peciol  feature  which  cbaraett-risce  the  movement 

Il»n  the  month  iseijual  to  the  day.     A  little  n-IIcctiou  will  sbov 

tat  when   thii  is  the  case,  the  earth  munt  constantly  direct  the 

|ine  face  towanU  tli«>  moon.     If  the  day  be  m|ual  to  the  month, 

tra  the  wirlii  an<i  inoim   uuist  rcvi>lve  tog4.-th«r,  as  if  bound  by 

^ible  bands  ;  and  what«ver  hrinis[ibei«  of  the  earth  be  din.'cted 

^tlic  moon  wlwn  this  state  of  things  commences,  will  remain  there 

^loBg  M  the  day  remains  equal  to  the  mouth. 

*  At  this  jMiint  it  is  hardly  po«*iblu  to  esctspe  being  rcminditl  of 

Mt  diaracteristic  feature  of  IJie  moon's  motion  which  liaa   Ixwu 

Mrved  from  all  antiquity.     We  refer,  of  course,  to  the  fact  that 

le  moon  at  the  present  time  ooustantly  turns  the  same  face  to 

le  earth. 

It  is  incumbent  on  aaironomers  to  provide  a  physical  explautioii 

I  I 
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of  this  remarkable  bet.     The  moon  revolreB  around  ■« 
in  a  detinite  namber  o£  seconds.      If   the  moon  ■hrajri 
same  face  to  the  earth,  then    it   is   demonstistwl  tbt 
rotates  on  ita  axis  once  in  the  same  number  of  KecoDdi il 
this  would  b«  a  coincidence  wildly  improbable  onUss  tlito 
pbyoical  onuite  to  account  For  it.      Wc  have  not  Etr  t* 
cautie :  it  in  the  intluenoe  of  the  tidea  which  hu  oand 
menon.     We  now  tind  the  moon  has  a  rujHTi^vd  >ar&u)e,«1 
to  the  existence  of  intense  volcanic  activity  in  fonnet  tiaa 
volcanoes  are  now  silent — the  internal  fire*  in  the  w^ 
have  become  exhausted;  but    there    was  a  time  wboa  it 
roust  have  been  a  heated  and  ecmi-molt«n  mwt*.     Tbonwi 
when  the  toatorials  of  tlte  moon   were   m>  hot  u  to  k  ri 
yielding,  and  in  that  soft  and  yieldin)a>  mami  the  attractuB  i 
«arth  excited  gtvat  tides.     Wv  have  no  biatorical  rwoxl  i 
tides  (they  wore  long  anterior  to  the  cxisteuov  nf  tehsM^. 
were  probably  lon^  anterior  to  the  existeiicv  of  ibrhwaM 
but  we  know  timt   lhei>o  tidn  onci^  existeil  by  ihi'  wuAtlof 
accomplished,  and   that  work  is  neen  t^nlny  in  ihi*  contlol 
which  the  moon  turns  townnls  the  earth.      Thr  p-nlle  rmai 
of  the  oceans  which  form  our  tides,  present  a  piclurt  wiM; 
fcrent  from  the  tides  by  which  the  moon  was  once  aeital^ 
tides  ou   the  moon  were  vnslly  greater    thnn   thoM-  nf  tW 
They  were  greater  because  the  weight  of  ibe  earth  i«  imate 
that  of  the  moon,  so  that  the  enrlh  was  able   to  pnidueD 
powerful  tides  in  the  moon  than  the  moon   bas  ever  Wa 
mif>e  ou  the  earth. 

That  the  moon  sh«iild  Iwnd  tbe  aamo  face  tn  tb«  MJtb  ift* 
immediately  u{K>ii  the  (windition  that  the  moun  shall  n>tati>  o 
axiK  ID  prociKcly  the  iiumc  jwrioi)  m  that  whivli  it  n-quin^  l>i 
around  the  earth.    Th*!  tides  ore  a  i*)jfulatiD}^  [tower  uf  the 
remitting  ctlicieney  to  ensure  t)uil  this  condition  ahould  far 
If  llic  moon  rotaU-d  more  slowly  llian  it  ou(;hi,  thcti  the  pn^^ 
tides  would  drag  the  moou  round  fimt^'r  and  flitter,  until  it 
the  dcxirml  velocity;  and  then,  but  not  till  then,  thoy  wooU 
the  moon  peace.     Or  if  the  mix>n  were  to  rotate  (ast«r  oa 
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Ai-l)it,  n^n  llin  tid«l  woold  eome  farionilj  into  pUy; 
mc  tlu-y  would  be  «Bg»0eil  in  retvdinf;  th«  mooa's 
iitil  tluiy  liiul  rc«Iuecd  the  ttpetMl  of  the  moon  to  onft 
■*ion  for  e*cb  revolution. 

h"in  till!  moon  t'vcr  ownpc  from  tbe  tlinildoin  of  the  tides  ? 
P>  IR  not  ri>rv  raxy  to  aiiiivrvr,  but  it  wems  (HTliaps  not  inn- 
Kiblolluit  <]iv  moon  may,  at  Homc  future  tiiui-,  be  freed  froin 
1^  oontjol.  It  in,  itidecd,  obvinua  tlist  the  tidcn,  even  iit  prrsent, 
kre  not  tlw  extfnmely  srtrJngent  control  over  the  moon  which  tltey 
exerciited.  \Vc  now  see  no  ocean  on  the  moon,  nor  do  the 
show  imy  trace  of  molten  lara.  There  con  hardly  be 
I  On  the  moon,  l>nt  tliere  may  be  tides  in  the  moon.  It  miiy  br 
^t  the  interior  of  the  moon  is  still  hot  enough  to  retain  an 
Jtreinable  dej>arture  from  eoUdity,  and  if  ho,  the  tidal  eontro) 
luld  still  retain  the  moon  in  its  grip ;  but  the  time  will  probably 
|n«,  if  it  have  not  come  already,  when  the  moon  will  be  cold  to 
t  centre — cold  as  the  temperature  of  epace.  If  the  malenaU  of  tbe 
ton  were  what  a  mathematician  would  oall  ab«olute1y  ri^d,  there 
p  be  no  doubt  that  the  tide*  could  no  longt-r  exiitt,  and  tltc  moon 
mid  be  emaiiciiiiitiHl  from  tidal  control.  It  gteemH  inipoiitiibl«  tn 
pdicate  hmv  fur  Uw  mnon  vnn  ever  conform  to  the  L-irciimi'tnnoes 

an  actual  rig:id  l>ody,  but  it  may  be  conceivable  that  at  aome 
tore  time  the  tidal  rontrol  shall  have  practically  ceaM^.  There 
tuld  then  be  no  lon^r  any  ncceeiiary  identity  between  tlte  perkxt 

rotation  and  thut  of  revolution.  A  glcotn  of  hope  is  thus  pro* 
;t«d  over  the  astronomy  of  the  distant  future.  We  know  that 
t  time  of  revolution  of  the  moon  is  incrensiDg,  and  so  lon^  as 
b  tidal  governor  could  act,  the  time  of  rotation  must  increaae 
Bt^thetically.  We  have  now  surmised  a  state  of  things  In 
li«h  tli«  control  is  absent.  There  will  tlien  be  nothing  to  prevent 
e  rotation  remaining  aa  at  present,  while  the  period  of  revolution 
increuing.  The  privilege  of  seeing  tbe  other  side  of  tbe  moon, 
lich  has  t)een  withheld  from  all  previous  astixmomers,  may  thus 

tbe  distant  future  be  granted  to  their  sacooasors. 

The  tides  which  the  moon  raises  in  tbe  rarth  net  as  a  brake  OD 
e  rotation  of  the  earth.     They  oow  oonatantly  tend  to  briny  the 
I  I   2 
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tliiin  the  moon,  the  tides  raised  by   the  moon 
weak,  and  th«  earth  hti»  not  jei  completely  Nuvcntn 
action.     Hut  the  tides  ore  constant,  they  never  for 
the  effort  to  control,  and  they  are  gradually  tpndi 
day  and  the  month  coincid«at,  thong;h  the  prtK><'««  i> 
The  theory  of  the  tidce  leads  as  to  look  forwnrd' 
atote  of  things,  lu  which  the  moon  revolves  around 
period  equal  to  Uie  day,  so  that  the   two  bodieti 
bend  the  same  face  to  each  other,  provic]ed  the  ti 
ahle  to  ^ide  the  moon's  rotation.     So  far  aa  the 
the  earth  and  the  moon  are  conoomed,  such  nn 
scsies  all  tlie  attributes  of  permanence.      If,  \towti 
project  our  view  to  tho  incKjdibly  remote  futun*, 
certain  external  cause  which  mnst  prevent  tliis  m 
dation  between  th«  earth  mu)  the  moon  from   bei: 
tides  misi-d  by  the  moon  on  Uw  earth   are  so  m 
thoM  raised  by  the  mm,  that  we  have,  in  the  course 
reasoning,  held   little  account  of   the   «un-mitwd 
obviously  i>nly   an    n]>proximAle    mctliod     oE    <I 
question.     I'hc  Jnllucnw  of  the  Kolar  (ido   is  ap; 
importance  relatively  to  the  luuiu-  tide  will  f^rad 
earth  and  moon  approach  iJie  linal  critit-al   wtMi**- 
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,  mcmt  inittnictiTo  eoirobontioii  of  f Ih-h?  vi^-wk  ix  affnrdMl  by  the 
try  of  the  wiUUitM  of  Mnn.  Tliv  i>lim<-t  Miint  irt  one  of  Uw 
laller  mcinlicra  of  onr  KjHtetn.  It  haa  &  moM  whicli  is  only  the 
lillt  part  of  th«  inuM  of  the  cnrtb.  A  hihiiII  ]>lunct  like  Mare  baa 
lueb  kits  energy  nf  roUtion  t»  be  <le«troy<^l  llian  a  larger  one  like 
|a  nrib.  It  mny  tlicrefure  be  cx{)r('te<i  ibiit  llii>  khuII  [iluuet  will 
uitl  mticb  more  miiiilly  in  i(<  evolution  than  the  large  one ;  we 
ki|;ht,  tlit>rcforL',  antieiimt«  tbiit  Mars  an<I  hiH  iatelliten  have  at- 
oned a  more  lutvnnced  >tu{^  of  tboir  biatory  tlian  ia  ttie  case  with 
b«  earth  ami  bvr  tutvUitc. 

When  tbe  ilincovery  of  the  Mtt«llit««  of  Man  gtiirtled  th«  world 
yimm  a^n,  tbere  wa«  no  fnitiire  wbicb  errated  »o  mvich 
lent  lu  tbc  i«riodi(!  time  of  tlie  interior  •at«itit«.  Wv  have 
■dy  pointed  out  in  Clui(>tvr  X.  how  I'huboa  revolires  aroand 
in  ■  ]icriod  of  7  boura  39  minut**.  The  ]>eriod  of  rotation  of 
tnr«  himHeJr  in  24  boun  37  minuti-ii,  and  hence  we  have  the  fact, 
tD]>arallele<l  in  tbe  solar  aysti-m,  that  the  satellite  ia  actually  revolv- 
pg  tbrve  timen  as  npidly  ax  the  planet  is  rotAting.  There  oon 
bnlly  he  a  doubt  that  tbe  soUr  lidits  iiii  Man  Itave  abated  its 
fclovity  of  rotation  in  the  manner  jiuit  siiggi-sted. 
I  It  bns  alwayii  MM>mtHl  to  me  that  the  matter  juxt  n-ferred  to  ia 
me  of  the  moirt  int4!rcsttng  and  iiutnietive  in  tbe  whole  history  of 
fitronomy.  We  have,  fintt,  a  rery  beautiful  t«leM!opic  discovery  of 
Ifae  minute  satellites  of  Man,  and  we  have  a  determination  of  tlie 
tary  anomalous  movement  of  one  of  tbera.  We  kave  then  found  a 
ttry  Hatisfactory  phyBical  exptaoatioD  of  tbe  cause  of  ibis  pheno> 
Mnun,  and  we  have  eliowit  it  to  be  a  Biriking  instance  of  lidal 
tvolution.  l^inally,  we  have  seen  tltat  tbe  system  of  Mars  and  hia 
Ifttellite  is  really  a  f<ire«ist  of  tbe  destiny  wbioh,  ia  tiw  lapse  of 
DortHlihIe  af^-»,  awaits  the  eartli-moon  system. 

It  seema  natural  to  intjnire  how  far  tbe  infltwnee  of  tides  can 
ttve  contributed  towards  moiddin^  the  planetary  orbits.  Tbe  cir- 
tomstances  are  here  very  different  to  those  we  have  encountered  in  the 
tarth-moon  system.  Let  iw  first  enunciate  the  problem  in  a  definite 
ihape.  Tbe  solar  •yst^.'m  coniH^ts  of  tbe  son  in  tbe  centre,  and  of 
planets  revolrisg  arouDd  the  euq.    Tbeee  planeta  rotate  on  their 


ot  tne  '•  moniCTit  ot  mom^nmin,"      n 
i]jlt*  is  not  here  atleniptcd;  sulfice    it 
striclly  deduced  from  the  laws  of  motion,  and 
in  ficrtainty  to  the  fundatneBtal  truths  of  otdii 
ftlgebm.     Take,  for  lostance,  the  priaut    jilaiiet, 
•econd  ho  inovea  around  the  sun  through  a  c«r 
multiply  the  moss  of  Jupiter  hy  that  aD]elo»  aud 
tlic  product  by  the  square  of  tho  distance  from  Jofri 
vte  Dliloin  a  certain  deGoite  amount.      A   mathvmftti 
quantity  the  "orbital"  niomcnl  of  momeotufn  of 
wtme  way,  if  we  take  the  planet  Saturn,    miilti 
Saturn  by  the  ang'le  through  n-Uich  the  planet  moi 
and  into  the  square  of  the  dislaneo  between  the  pli 
then  we  have  the  orbital  momctut  of  momentum  < 
similar  manner  we  ascertain  th«  moment  of  tnomo: 
the  other  plnnete  due  to  rvvohition  Bround  tht*  Hun 
to  define  the  moment  of  momnitum  of  the  pin 
axes.     In  one  second  Jupiter  rotate*  tbruUf^h  n 
multiply  that  angle  by  the  miiMf  of  Ju|iiler,  and  li 
certain  Hno  which  dt-pcndit  on  hift  inl4-ni.-il  <roiii>titut 
forms  the  "  rolatioual "  niomcnl  of  momfntum.    In 
we  find  tho  rotational  moment  of  momentum   for  a 
planets.     Each  tutcllite  revolves  tbroug'h  a  certain 
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^uct  by  the  «qnar«  of  a  certain  line  of  prndigioiiR  IcDgib,  which 

•pvudx  u|i(in  the  details  of  the  atin'a  ititt'nial  structuiT. 

n  If  we  have  mioceeded  in  exptaiiiin^  wliat  is  meant  hy  the  moment 

k  inomi-iitiiti>,  then  the  etatement  of  the  great  law  is  comjnnitively 

mple.     \Vt-  are,  in  ihu  lirst  place,  to  observe  that  the  moment  uC 

loraentum  of  uny  pUnet  may  alter.     It  wonid  alter  if  the  diatanve 

|(  the  pluni-t  from  the  sun  changed,  ur  tf  the  velocity  with  which 

,hc  planet  rotnlfK  iijnui  itit  axi*  chnngnd ;  so,  too,  the  moment  of 

lOmcutuni   of   the  mm   may   chan^,  and  so  may  those  of  the 

>tcllit<rii.     tn  the  bci^inniii^,  a  certain  total  quantity  of  moment  of 

meDlimi  wan  <-ommnnicuted  t«  our  system,  and  not  one  particle 

that  txtiil  <a»  the  solar  system,  as  a  whole,  squander  or  alienate. 

■fo  matter  what  be  the  mutual  actions  of  the  various  bodies  of  the 

yatom,  no  matter  what  perturbations   they  may  undergo— what 

ides  may  l>e  pruduoed,  or  even  what  mutnal  collisions  may  occur — 

ihe  greul  Inw  of  the  conservation  of  moment  of  momentum  must  be 

tboyed.     if  some  bodies  in  the  solar  system  be  losing  momeut  of 

Domenttini,  llivn  other  bodies  in  lite  system  must  be  gaining,  eo 

ibat  the  total  quantity  shall  remain  for  ever  tlie  same.     This  con- 

sidonition  is  one  of  supreme  importance  in  conneetion  with  the  tides. 

The  diolriliulion  nf  moment  of  momontum  in  the  system  is  lieint; 

contiDiially  nlti-n-d  by  the  tithis ;  but  however  the  tides  may  el>h 

or  flow,  the  total  ntimieiit  of  momentum  can  never  alter  eo  long 

as  influcnet-a  external  to  the  system  are  absent. 

We  must  liere  jxtint  out  the  contrast  between  the  endowment  of 
[our  system  with  cuerK)',  and  with  moment  of  momentum.  The 
[mutual  sctions  of  our  system,  in  so  far  as  they  produce  heat,  tend 
no  tquander  the  ener^gy,  a  oonsidcnthle  part  of  which  can  be  thus 
Bbipated  and  lost ;  but  the  mutual  actions  have  no  power  of  dimi- 
pating  t\w  moment  of  momentum. 

Tlie  total  moment  of  momentum  of  the  mUr  nytiem  \>Kittg  taken 
to  he  lUO,  this  ia  at  pment  distributed  as  follows : — 


OrUtal  moment  o(  momenlum  of  Jupiter 
„  Salnrti 

„  „  TTmnus 

„  „  NnptUD* 

RoUlionai  monuiit  of  motnentum  of  Sou 
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"lookeS.    We  shall,  however,  find  it  deriTahlo  to 
still  Riore.Hod  concentrntr  Miirnttcntion  oaonei 
Let  us  talio  the  suu  aii<]  the  plitiiet  Jupiter,  and ; 
bodioa  of  otir  t^etem  tf  Ik;  Hi>«i'nt>  let   ua  dni 
tides  produced  in  JupittT  by  the  sun,  and  of 
Jupiter. 

It  might  bo  hiwtilj-  tbnuglit  tbnt,  just  ati  thi 
the  curth,  BO  the  pluiu'tx  wurc  bom  of  tlie  suit  nud 
recwU-d  by  tiilcB  into  their  prewnt  condition, 
of  in<iiiiry  into  Ihi^  qiK-ftiDn  hy  the  fi^iin^o  juat 
■how  that  it  eeoms  utivrly  iinjKxwiblu  thftt  Ju| 
other  plnnt-tfi,  can  cvi-r  ba^e  be«a  vory  much  cIin 
(hey  Bto  (it  proH'nt.  In  the  ciuoc  of  Jupiter  nnilj 
the  inomont  of  momentum  iDttdc  up  of  tliiw 
largest  cif  tlicci'  items  is  due  to  the  orbital  revoint 
next  i*  due  to  the  sun,  tho  tbini  is  due  to  the  rotvtl 
it«  axis.     Vt'r  mny  put  thpm  in  round  numhcn 

Orbital  moneut  of  momentuiu  of  Jupiter  .  . 
Rotatioiud  „  „  Sun 

»  ..  „  .I«pit*r  ... 

The  sun  produces  tides  in  Jupiter,  those  tides  : 
of  Jupiter.     They  make  Jupiter  rotato   more 
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lin^,  in  otlirr  wonJii  the  orbital  motion  of  Jupit«r  muitt  be 
'viun^,  i>r  Jiijiitvr  niuot  be  receding  from  the  huh.  To  thi* 
at  ttu!'.-<!fore,  the  siin-Jupit«r  tyuteta  i»  niwlogaus  to  tlie  nrth- 
tytiem.  A*  the  tiJ*-*  on  the  «artb  ure  driving  i»w»jr  the 
I'd,  m  the  t'ltU^a  in  Ju)>it«r  and  tlic  «iin  itn^  gradiinllj-  driving 
I  two  lKH]i<-a  n]i»rt.  But  tliere  i*  n  profound  (lifffrttiK-e  brtwccn 
Ftwo  caiH-8.  It  («n  iie  proved  Hint  the  tid<it  [irodiiocd  in  Jupiter 
lie  sun  arc  more  effective  thiio  thoKC  produced  in  t1i<!  nnti  by 
Htor.  llie  eontribution  of  tlie  sun  may,  therefori',  be  at  pn^sent 
twl ;  »o  tbnt,  practically,  the  augmentatioDii  of  tJie  orbital 
ivnt  of  momontum  of  Jupiter  are  uvhieved  at  tlie  expense 
bat  stored  up  by  Jupiter"!!  ri>fatioT).  Hut  what  ia  12  eom- 
(*od  with  6(HI,0n(l,  Kveu  whou  the  wbi>Ie  of  Jupiter's  rota, 
moment  of  motnentum  and  that  of  his  satellites  has  become 
kI  into  the  <iH>ital  motion,  there  wit)  hardly  be  an  ajtpri^ 
TO  difTcrcnee  in  the  latter.  In  ancient  days  we  may  indeed  suppose 
It  Jupiter  being  hotter  was  larger  than  at  present,  and  that  be, 
sforo,  IimI  more  rotational  moment  of  momentum.  But  it  ia 
]ly  crtxlible  that  Jupiter  enn  ever  Imve  hiu)  one  hundred  times 
B  moment  of  moineiituni  that  he  has  at  preM-nt.  Yet  even  if 
BOO  units  of  rotations)  momentum  had  been  transferred  to  the 
IHtal  motion  it  wouhl  only  oorreNpond  with  the  most  trivial  dif- 
(ODCO  in  the  diiitiince  of  Jupiter  from  the  sun.  ^Ve  are  hence 
Hired  thtit  tlie  tidi-s  have  not  appreciably  altered  the  dimensions 
the  orbit  of  Jupiter,  or  of  tlie  other  great  planets. 
The  time  will  however,  come,  when  the  rotation  of  Jupiter  on  his 
is  wilt  he  gradually  abated  by  the  influence  of  the  tides.  It  will 
cn  Iw  found  that  the  moment  of  momentum  of  the  sun's  rotation 
III  be  gradually  expnded  in  increanng  the  orbits  of  the  planets, 
it  as  tliis  reserve  onlj'  holds  about  two  per  cent  of  the  whole 
Bnunt  in  our  srstem,  it  cannot  prodticc  any  considerable  effect. 

And  now  we  must  draw  this  chapter  to  a  close,  thou);h  there  are 
■ny  other  subjects  that  mi|;ht  b«>  included.  Th«  theory  of  tidal 
olution  is,  indeed,  one  of  quite  exceptional  intfircst.  llic  earlier 
ithematicians  cxpcii<l4-<l  their  lnl>our  on  th«  determination  of  tlie 
piamiea  of  a  system  which  consisted    of  rigid  bodies.     We  are 
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iodebted  to  (Mntcmpoimrjr  muthi-inuticwnB  for  optaa(  i^i 
mechanics  on  ti\a  mom  real    Eiip)><>siti»n  Oiat  tW  Id 
rigid ;  iu  other  words,  that  thtrj-  arc  •abj<^!t  to  Uim,  1k^ 
iDAtical    diffioultias  ftn   enormously    enlmnced,  W  At; 
is  more  true  to  nature,  and   ha&  already  led  to  Moxd 
remarkable  astronomical  discovories  made  in  niod«(S  li 


Oar  8t«rj  of  the  HetTeng  has  now  been  toM.    V« 

this  work  with  some  account  of  the    nu'chnninil  ui 
to  astronomy ;  we  havo  i-nd«d  it  Hitli  a  brief  ilpcnffa 
intellectual  method  of  ivsearch  which  rcv<*aU  mttao  of  lW 
phenomi:iia  that  occurred   n^s    befure    tbf   hiintaa  av 
W«  have  ajuken  of  those  objects  which   nrv  oiitnpanttnh 
us,  and  then  atep  by  step  we  have  advunotMl  to  tbv  dtOfll 
and   clusters   n-blcb   seom   to   lie    on    the  oonfinw  tS  tk 
universe.     Yet,  after  nil,  how  little  is  nil  wc  f»a  ew  e%m 
greatest  telescopes,  when  compared  with  thi<  whole  i-itrM<J 
space  1     No  mutter  how  vast  may  be  the  U(>]itb  wbii4)<« 
meutM  have  M(junde<I,  there   is  yot   a    beyond  nf  iaSnili 
Imagine  a    mighty   ^«he  desoribod    in    8)>a<-f,   a  |^il«  i 
stujiendous  dimensions  that  it  shall  include  tiir  sun  aod  bin 
all  the  stars  and  nebule,  and  even  oil   tlie  uhjti-t»  whiA  va 
capacities  can  imag:iue.     Yet,  after  all,  u-hat  must  bt  ibriM 
of  even  this  groat  globe  to  the  whoto  ext^rnt  uf  inliniu  «p»  ' 
f;lobe  vrill  bear  to  that  n  ratio  iulinitt^ly   less  tluui  tJiat  «M 
water  in  a  single  drop  of  dvw  bt-iirs  to  the  watM*  in  lb  * 
Atlantic  Ocean. 
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ASTRONOMICAL    QUANTITIES. 
TUE   SuK. 

I  ami's  mt^an  (lidtnnce  from  the  earth  is  92,700,000  miles;  his 
metor  is  8G'j,0(>0  mikH;  liis  deimity,  as  c(>ini>areJ  with  wuter,  ia 
;  hill  clli|iticit}'  iu  inseuitilile ;  be  rotates  <iii  his  axis  in  a  period 
wceii  25  and  2G  daya 

The  Moox. 

The  moon's  iiii^an  disttni^i  from  the  earth  is  238,000  mites.  The 
St  poHsiblo  ilistaiico  is  221,000  miles;  the  gnratt-st  is  2GO,000  miles. 
e  diameter  of  the  luooii  is  2,1G0  niilus;  and  her  ili'imity,  as  i.'ompared 
th  water,  is  3'.*^.  The  time  of  a  revohitioii  around  the  earth  is 
■322  days. 

TnK  Planets. 
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The  Satellites    of    URAwua. 
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mtUh  BAttloa,  B4Mal     I1Iiii(!1iihL     410,  jtk  :  Ubnu>  EdlUon,  lOS. 
■att«rtl««  kad    Kolbs.   Buropoon.     Bjr  W.    F.  KiABT.     Wilh  6t  Coloured 

OABarln  a&d  OiC«*lMa,  n*  lUnMnUd  BMk  Ot     By  W.  A.  BUKnoM. 

W     ^<'•mA«0.  Mid  A.    f.  Wiutma      Wilh    -Ji  Paf'^lmiU  Colauml   PlaMi,  JJIb  : 

CMaCll'i  rjunUy  HiUCUlnB     Ymty  Vol      1  Ilium  lot.     ^ 

Cathedral    Churchoi  of  iLH^land  aad  Waloa      DcKilpiix,    lUiiotkal,  ao4 

I-io^.il.     W^tk  ly:  llliBUUium.     iiv     £jitum  ^  Imu.  £t  la 
"""g'"f  Toar.  Tta     With  lOnuralMiU-     7>.  Ad. 

Gbolot  DtuDoi  at  Small  Cotl.    ^  A.  O.  PArxK.    3^.  dd. 

CttUt  of  tM  World:  iliFii  OrielD.  Pracios,  and  Pmcnl  A«p«0l.    Thnt  Vote 

CItU SoTTlaa. Outdo  l« ImpIornioDt  In Um,  NntJiiiMiiUrgtd KdUitm.  ^6± 
4im  Strvioa.  —  OvMo  l«  FunaJa  Buploynmi  u  aoronunani  OtBow 
MMmI  MaaiMta  (er  ?ncauon«n  and  Studraita  or  ModtcUio.    (^  £,ii<  tf 

VttHmnJt'Wt't.4  t^tljrr,  .-.  a//.V.,i<»i  I-  iA(  /-<J.ViV->| 

OebdM  Ctob,  WMb  pvbUahcd  for  ttu:  — 

L  (BO  9«iauMi  w  Uu       ra>  mia  nnnwiriin   u. 


lamias.  vt. 
ColonUa  and  India,  Onr.  Bow  wo  Got  nam,  and  Vlir  w*  Kaop  Tlitm. 

Coiiunbni,  Chrutoplwr,  Tba  UIo  and  Voyago*  «C    Sy  WAaiiiKcroM  Uvtac. 

in^M  Vol..    r'-  W. 
Cookory.  Oawgtl'*  Dutlonair  oX    <J<idiiiieiak  obgoi  Nine  TluNiHad  Redpa, 

OMk«ty.  A  Ttar'a.     Iiy  PiiTixi*  BaowNa.    <-1o(N  clti  u  ofied  cloifc,  ja.  6>1 
0>-«pantan.  WorUng  Moa;  Vkat  ttar  >>>*■  Don*,  and  WhM  uar  it* 

DolU.     U)  A.  H.  UrKBvAtUHeaBl  B.  Joiiax    u. 

to  Mi 


Sditlimtfim*  CautO  A  (Umpm^t  FMi^mm. 


I 


OoontHM  of  Uia  Weald.  Th»     By  Rohskt  Obown,  U.jl  lO.» 

pliM  in  S'l  VljIi.  *;i)i  iiloiit  7Ji>  iQuurallwH.      4M.  (k  M  bA 

CrMavell,  OUv«r:  Tto  Mm  and  hU  Mtiaiaa.     By  J.  AUAiMBtrai] 
CtcIoikbiIu.  Canall'i  CondM.      \^'!lb    la.ooo  nitrtcai.  iw^H^^ 

l.iii.iaiic.     Wiih  iboiii  Ois  IIUHiuioiu.  ty\.',  KiwwiixIl  it> 
DUry  rirnHoe.    »>  I'tot.  J.  F.  .SiiKt.rHiN.      Wiih  ■$  Pko4H 

i>4ij  uiuucf^ut  U  uul  Kif(i«nn4Ph     Cloth,  jia,  cd. ;  Imf  ^mibh 
I)«lilT«  Errau  la  BUtory.    Dy  lltouAS  Ahciics.  tWnba 

D«ccirtkUT*    I>Msii,    FrlaMplea    VL         Hy    <;iiBinorBU 

UULLtrhI«4'     y^ 

IlMarMd  VUU(*  8«rt«i.  TbB.    ComiMincof /.tfrinu^lf  IWodl 


aassivR 


lt«T«   Bod 


fir*™ 


1    OM   «  I 


Slduaa,  OhancMr  8kat«bM  tram.     Sscohd  aad  Tlliati  Smm 

DUijr  at  Two  PullAineaU.     IIm  Dincli   ParliAuwDt,     ElrH.V.ts£ 

Dec,  Ilu-    Dr  luiniNK.     lllosiTitcit.     n.  fid. 

I>et,   ninstnt«d   Book   o(  tha.     Ity  Vkso  Siiaw.  B.A.    «Mri 

ri4l»    CloiH  btv^HfJ.  j^^  i  >i4iriHMoccflfr  451. 
VomstUo  Slotloiuirr.  Tbo,    An  Encyclopedia  far  tbc  HouM^M.  Ol 
Dott'i  AdventiiTci  of  UuccliBmMn.     Il^iutnttcd  by  OwtavI  DhI 
Dortf  Duite'a  Inltrno     [[lumbal  l-y  Qustavk  Da«£    Ftfa^ 
Dortl  Don  Qnlxoio.    Wiih  nivui  400  illuiuiiooi  by  Doai.    t^ 
DoMI  r»llT  TklM  ToM  Ar*l&    With  »^  Fnlt-pcge  Encnrl^tf  Ikrf  *l 
Odd    QftUety.    7ti«.     P.ftiUf   tUitioK.     WUh   aw   IWiimiiiI^  W 

Sortl  UUtOQ'i  PUKdlM  LoM.    %\~ith  PiiU-paj[s  Drawli^  ty  CtarM 

4I/I,  ILK, 

UlBtiliTgtl,  Old  ud   KOV,  CuMllU       Willi    «oO   IthMIMMM     Ito 

EducilloDft]  rmr-Book,  Tb*.    6». 

Wiih  &a>  OriiiiiiHt  l^uraviM|>     VoL  t..  ^b  ja,  ;   VoL  II.    X>  1^  *^ 

BMtrttlAa'i  PooiMtBook  Tb*.    V>j  Coruon  Wkiam.  U.A.    i 
&U7aIop»4ia  DlGUcnuy.  TIm.    A  NVw  «nii   Oii^innl  Work  tf 

rho  WoriW  iih  t)tr  rr>v^-*^  i.^'iici-vfr     Nine  Divi«iaaiit  v«4t  Bflvi^rtL^ 
or  Hit  V'nMe  DivujuDbl  VaU.,  Iuirmif«cc0h  ■■■■  «aclk 

Enercy  U  ^kt1ar»    %  Wx.  I.ant  Cam-kktrk.  ha.   asc    ■> 
Znglud,    CuwU'a    lUiutnMd    Bl*t«r7    oC     With  a,«oa  I 

Enellitl  BlBWry,  Tlis  DlDUOiLUy  Ot     Ootb.  aix,  ;  Ro>bar|fc,  ^ 

g"C"'''  UtoTfttoiv,  UbnrrcC    %  Pror.  HkMKV  MottLsr 
Vui.      I.— SiiutTU  CociiJua  Poum,  ix.  t4_  ' 

S'uu    II-— It-i-ir^i-aATUht  or  CjrCfUuf  Rmliciom    ti*.  ^ 
Vol.  Ill— h..ii..Mi  IH-.w,  in.  ti.                     ^^  ^ 

Vou  IV.— NirQulli  Wonio  in  Kiratiui  Pbowu  >«  «d. 
Vmu    V,     SHJ.11.IICIUV  I.WIGIII  Woaiu  <■  "-■ »■-      ■  .._ 

VthBw  I.,  1 1.,  and  HI.  «r  <h<  I>opidu  E.tck«  an  sf^rnMlr. ^Mf*  M. 


Stltiimu  /rtm  Catitii  Oi  C»wtf»iijt  /iMuu/iiHii. 


K 


^(Uib  UWniart.  Tti*  m«eioiHLi7  el    Br  W.  UAVE-xruvT  AoMti.    CiUif 

fUsb  UUraUre.  Tbe  Star  oL    Iljr  Anna  Bucki.anpl    ji. 
l^jffUh  TaMtwm^    By  EbicS.  RomiKtMM.  >f.A.    5*. 

..OpHi  rUlM.     Wilh^bool  150  IDuiUnUoni  hjr  li.  Umstr.     Uolh,  71.  6d. :  gBI 

"      aAt^h  lofc  W. 

rWHtM  «  Oood  SocUtr    u. :  doth,  u.  M. 

r^nltr  Phyileten.  Tlu.    By  tiainmi  PiiTficiAM*  and  Svmikokv.    Clotti,  sii. ; 

Far  Wmx,  Ut»  ud   Uboiur  U  Um.     By  W.  niutKV  BAtMKinr.     VVnli 

:  BB,  (L  MUTIU^  Work!  by.     r.fnt^r  KJilitui      rlolh  bawd*.  M.  CMk. 
iJMSiiMriar.aKui^Muialw.  &b*.'i>  r>ibR.  •odoUurfMfla*. 

^HHf  0«TDsr. 

tar«p«UL     Sjr  l.tUES  B«ini:x  F.US.     Wldi  w  F>e-«inEl«  L'aloi««d 
il«l.j  l>.  IkAIia.  Kl.S.    tn. 

MU«ad  TKlM,     By  J.  F,  WAI.mll.     31.  «d. 
**  eld  Kfttunllst-i  Buidbook.  Tb*.    lly  the  Rev.  J.  Q.  WoOD  utd  TlinwtWK 

''iCnlei'i  Populu  IcIentlAfl  Worki.     Wlik  SmnI  Hondnd  tniUDHUani  In 

CMbk    jfc  fal.  M.h;  hilCtiH  U.  MCfc. 


^, 


faS^Tr- 


dB*-An  UbruT,  Tlu.     »:>]iioi  by  Jmiv  ivMiiKn,  Prindpd  «f  Ik*  SeuUi 

r^        K(Uui|Hn  .(it  SUnala.     Eacb  ttwli  uauHaibinil  loalUiHtniiaaki    jt.  (adk 


%^^. 


>i;!tsff  -"-' 


t  It  •''  A  M.fcii'MII. 

I  of  UU  Vertd.  nia     IIIiitlnitnL     4101,  90. 

rXf  tWoA  XoM,  Tb*.  ud  oUiar  StorlM.    Sy  G.  S.  JULout.    m 

toTftnc  nt  lb«  Anebor,  Tk«L    A  IVsnn.     Uy  eir  Sahuii.  FmoiUOM,  LL.D, 
[  W«ik..,OiXiiul  llluMnlioK.    tiili  viyrt,  y.  1  M  J ■>■■■■  ■■!>»»  |i«ddid(>«  bw), 

raHUB«pta«ikA  >l«Uc7afBittUh.     By  Sir  krotAROOwiuc.  K.C.H..  F.R.R.. 
I  \k.    W.ihiU  Km'i.     Ill  r.~>  V..1..  in  IM. 

rmrTMn«f  MahKUtaiT  (iB|;.4<,\.    iiy  sir  Gavam  Durrr,  K.C.M.G.    iil 
PnBefrO«rmaii  Wu.  OumU  ■  Blatoy  «(  tlia.    Tuo  VoU,    WUh  joo  tUiu- 


KB   niTCK    fWaOltf.      fiMT,  SmcioHii,  Tilllin,  uul  Foutm  fiKalrv 
Br^SHiBun' HiMMUiK^  Wlih  OraiiiBl  Psiaiinti  Iiy  t.  E.  Hi'uii,  f.X.'i.    With 


«•  fUl.ua*  IXhiriI  PIuh  la 


Cletk  (ill.  in  catillKBrJ  W> 


<«  « 


■WWB, 


C.  CkM^t  PordU-    IDailnlnL    Vob.  I.,  II.,  wxl  IIL    sk  cm*. 
JBrirtmiT  Ula  of  W.  E.     By  ll.tN»£TT  Skitil     With  l-urtraii.  31,  «d.    A'tAf 

OlmuiUii):*  tmi  FcqraUr  Anthws,     T«o  Vol*.     WMh  Onfln*]  IBuniwIaDk 

«(■>.  y4  qpJl    'I  •«  V«lft.  iu  Oov.  1^*1 


SI 


uiuuTmmmx: — niuiH  Eji|cnTiqiEs  e^  Humwc.- 
Oiuiuidlta  D«T«Jop»)eal,  Tba.    Bj-W.  W,  Ukkkm' 

loi-  Srt, 

Bultb.  Tbe  Book  ot    Hy  EmiocM  FlijnicBUu  and 

Hearsni,  Tlw  8t«iT  of  UUk    Bjr  Romknt  Stawbi.i.  BA) 
r,K.\.S..  Rayil  AunBonitr  of  InlHHl.      Wiih    i6     Vijio 

aaroM  etf  >ilt4l&  in  Puea  knd  War.     lu  T*o  Vola.,  «d 

trilirukt.    Oolh,  t«  vjch.     In  unt  \'oJ,.  library  liiihdiiVf 
BoiBM.  Out,  vLd  Bov  to  Halt*  them    B«aJU)r. 

Bono,  tbo  Book  of  Um    Bt  Sanuki.  Sidkkt.      With 

FlBId     l>((r\y  4(0,  ]1L  A<1  :  lulI'DUVQca^  ^3  PC 

HOTM*,  Ui«  tttnpl*  Allnuou  oC    By  W.  P.     HhianMLl 

HattMhold  Oold*^  CwwU'i.    Wiib  IltoMmiion*  kmI  i 
Kni,r^  Ediiiim,  omiplgN  b  Ton  DMibb  V«b.,  I 
Two  Vol...  .^i, 

Bow  to  0*t  On.    Wlifi  1.000  Preocpti  foe  Pnictinb 
How  Womaa  may  Eani  a  LMas-    By  Mkkcv  Ckouak. 

India.  CasMll'*  mntory  of.      ByjAMUOsANT.      WUbl 

Twa  Valft.  baunil  tn  one,  1^. 

India.  Uw  Co»iDs  ttnaxlo  liv.    By  PraC.  AxMiNttn 

iBdtn :  Uw  Laod  and  Uio  Pooplo.    By  Sir  Jambs  Cat 
ts-dooT  AmnMrnmia,  CaM*  Oaaua,  and   nrwid* 

tnduatrlal  RMDunoratlos  OoBiar«no«  TTip  Kci»n  ol, 
InMotVariBty:  ttBProp*caaonaiidDlMiitmti«iL  lift 
tntanaUowiI  fotialt  QaUnr.  Tlw.     IVo  Voia.,  ^di 

InvlalUo  Ute,  Tlsnottoi  tram.    By  Joirs 

Ilaly,     ByJ,  W.  PaOBVW.    t*.  4d. 
Xaonel  0<iU»,  fnotlcaL     By  Dr.  Coksom 
Kblnu  A  Bias  tOL    %  till.-  Uie  CeL  FlKD  DimMi 
ladles'  riiyslclail,  Tlw.    By  a  London  Ftiyi 


1  Oadcoc^^^U 


StiMmu  fivm  C«iua  A  Cumf^i  PuhHiatitm. 


iMkdOD,  Ore&Ur.       Bf  Euwakd  WAtPOiii>.     Tim  Vdfc      Wlih  ateul  «oa 
tiMillim,  OM  lad  Mv.     By  WAi.-nui  'nioMMMniy  tuul  Uuward  Wauodo, 

Sii  Vail.,  «cl>  «iDUiiiuii(  ibixit  »■>  lIlgMniwiu  *n4  !!**•.    Oalk,  (ii  cmIi. 
Loodoii'*  Roll  Of  Fun*    With  Ponnluand  lUuuntlont.    tn.  6d, 


ImrTsUow.  VL  W.,  CbotM  PMiaa  by. 

[.    i<-idf  ILt'jW,        6k 


Uliumwd  t?  Ui  Sm.  e«Hi:t>T  W. 


taarhUoVa  PoMlc*l  Worlut    tltutimnl.    /j  jk 

lovt*!  E(tr«iiu*.  Al     Ily  MAuaiCK  Tiiomiimmi.    jt. 

Minhinlni.  TIi*  PncUMl  Dtottanair  o£    Coniuinint  15.000  DmlnKh     Foot 

Modldnt;  MuiiuJ*  tor  RtodcnU  ot    ^-l  IJuf.tnttirJtdf^/rittmaffMalim,] 

HOennvf.  Tbo ;  uid  tonu  of  tho  Wondon  It  B«THla.    it. 

WflMd  B«llwa7.  TlM  oncl*]  IDuiInUd  OuliU  W  t&t.    h,  1  <loib.  m, 

■oina  icUcU.  Borne.     V-'Hh  li^^rhlynuiilied  I'lngratlngi.     in.  Gd. 

Kodon  Ear«p«t  A  BUt«T7  at    %  C  A.  Ky>rs.  M.<^    VuL  I.,  (rotn  1791  10 

Morocco:  lU  ?oa|»la  Mill  PUcoc    DyEoNUXDn  Dk  Auicit.     Tnuubiod  by 

C.   Hjllj*  Tit.ijB.      W.Oi  KOI  ly  »u  Oncin*]  lUuHWiuL     lt.<A. 

XftUos»l  Fonndt  QUIary,  Tha.    I^h  Voluaw  coDtitnlng  aa  VonriMt.  prtMcd 
■n  i:iiniu>.>'Li<huciiii>iT)    fiH-i  Vali..  in.  U  (Bdi ;  «r  In  Twa  DnUe  V1J4,,  i»,ca(k 

MAtml  nUMTT.  OwMiIi  OmdN.    %£.  Pkickval  WaioKr.  M.A..  U.D,. 

I' l.v     Wiih  Hxni  ll'indtnl  Iluumioaa,    71.  td.    Rsilmrth.  lob  U, 
Watunl  BUtOTf.  Ct««U-«  How.    Itdlled  by  E>ro[.  P.  Mabtik  Dumcam,  U.a, 

V  k'S.,    F-<>'S^     WuTl   <r<riiLrilfiitLu(i»  W  >!fiui1CBl  ScHfitifiC  Writers      CdJtpkIC  i% 
St>  VeJi,    Wiih  abcui  ijatn  lii(h<Uu  lUiuiniioiB.    Con  ((WB  tia.  cl«ib,  «•.  «ck 

Mtnnl    KiMarr,   CmmU'o    PopvUr.     With    aboni    s.000    EdunviiiBi   iwl 
C4bmn4  I'lii**.     I  kjmpitu  id  r^ur  VoU.    CIcpth  fill,  ^jl 

IIUu%  Biort  StodlM  mm,    lUuMrited.    jl 

KsnUc  tor  lb*  Bora*  ud  fbr  tb*  BoaplMl,  A  BuidboolE  «£     Br  CAtiiB- 

■  lai  J.   W.^.,     I'lh^ /V'lw.     I >.  Cd.  :  dcXli.  n. 

On  tM  Eqiutor.     By  K.  Uk  W.    Illuumteil  intih  Itioioa.    jl.  6A. 
Our  On  CouitUT-    SiiVoli.    With  1.100  IIluMrmllonih    doO.  71.  Ad.  OHlb 
QnUow  aporu  utA  Indoor  Amiuonuntl.    Wlih  oMcly  i.ooo  IPiifUalloM.  «b 
rUUUV,  rnUtlMl  Oaldw  to.     W,ili  Coloured  PInia 
AMiwt  fMWw  in  WaMi  MlB«n   at 

WMwOMMr  rSoUac  Book.    1^  lU  P. 
ling^y  Muai«  u  ou*.    ■>  a.  r. 
Am  fiil^.   1^ 

"Ud  OvMo  ta    ix. :  daUt,  at. 

of  Two.     By  H-  W.  Luct.    The  Dbiocll  PulUmaii. 


,  Py  Sh  k     /n  Paxtoh  and  Praf.  UNDUnr.  Rnbori 
IS.    ^        Vffh    Wiih  i«.Cc4n*al  Huo.  in^mk. 


SSn 


tXDBX. 


Mi<ii».KU«f.  no. 

..       Sliinliiilt.  t'BiBP  (ir,  331. 

„  „       Kaily  Ai^iiutt  of,  334. 

„  „       Knaniuiiut  I'rofiumn  uf, 

aw. 

V  H      Orral  tjOiowrr  oT,   IMS, 

aat. 

,.      iiml  ll-l*nff»,  SftH. 
,.  „       Drtiilof.  3.11. 

,.  ,.       I*ii>4iwur  N'rwtnn,  3A-f. 

„  .,       Simmer  o(,  ail<. 

„  „       VniiiO  Sin>  <hf,  331. 

..      Vdooily  «t.  Ml. 

„      Tri|'lp.  tl>A. 

.,       V«riaMr,  »:, 
Si.  fl'-l'liti,  llrl-ta  *l,  iiO. 
Sifoii'v.  <i.  J.,  S"'viiiiti.r  Uttixin.  3*tf. 
Slionlliuii.  Culi-iir  '-f  l''UnH^  ItA. 

„       iiilhr-(iiiii,  4i!i, 
fJirutp.  I>..  Ill  l\iti'i.  <»■ 

„      (iimmt>n-ii.i'  1)130,  CIO. 

„       V.-ifii,  lU'. 

„      Ihi'  Voiinifi,  61  C.vifnt.  "*. 
Sun,  Tli<'.  .\iiiiiiliir  h^li]>M<  uf,  it, 

,,       ■\p]iii»'iii  .<tijip.' i<.  ITS. 

„  ..      Kin-  uf.  ifl. 

„       Ajippinnn-  t-r.  30. 

„      Allnu-iidii  i>(  Ihr  Enrtli  W.  <*I, 

„       ll<H'<lll>  l)>ili«l  (rom.  411. 

n       I  ^i>ira]')i It'll  ir  ilh  Ihi-  I'luflh,  tf 7. 

,.  ..       SIht..  2». 

„      <'i>iiipiMiti<mi>f  till!  I'i«miffl''n«ii, 

4  fill. 
„      Siir^ii-i.  3fl,  I4t. 
,,      (^iiiHlioii  Willi  ihr  Sniwna,  4. 

.,  C'lmi'liliiliun  of.  44S. 

„  rnnliniilimT  ol  Hail  ft"ni.  4K7. 

„  ("ommcliini  of,  .iW. 

.,  I 'unviiliduiii">ii.  4!. 

H  '''"ilinK  o*.  "*. 

m       lliiimi-lfiot.  Sfl. 
„       Dmidiimor.  3)1.311. 
.,       Pirvflion  nt  Motimi,  4U. 
„       Kli-iiiDiiI*  ill.  1411. 
"(.  63W. 
„       Full  of  .V'liun  (in.  IIH). 
„       Kivm  Hitiu*.  Sni. 
„      Dnuiulit!''!  Apprnnnro  nf,  40. 
.,       llnil  of.  4S. 

Jwun  "ndm  in,  SSB. 
,,       IjikIiI  of.  113. 
^       Muiiii'iit  -1  Mbmnnliiin,  Ul,  US. 
M       MoltiHi  iiiiiiinK  <l>c  ^lu*.  &. 
.,       UoliDU  of,  4»&. 
„      and  pTHVHrioR,  41*. 
.,      I'nxnincnMa  on.  4 1 , 

Itnilmlloii  "f  llrut  on.  4N.  4M. 
..       Itii-iriK  mv!  !i^(tlliir.  2. 
,.       Ilotiitiun  (4.  J.I. 

SOUTDC*  0*  Hrtit.  4«. 

SpH>d  of.  f  3<t. 

rcmjicnliup  0*.  4T.  4B4. 


Sun.  Tb».  TnlvxlA 
Sitn-HpoU.  3L 
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lIivBiitii->  Voo;  k  law  el  Klrh 
I  OemuBL   Ur  Au"  ^  ■••>>■ 


TaaUl.    X  Tib  •(  >U^  tUwIa  llq«>    ^r 


erUn  Workw*.        A  Sphi,-i  of  Nrw  nnd  OrinioaJ  V'oluinn  itf  l^opuUc 
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■  DUIUBt.     >>U>E1M  l>H(tiM. 

lu  Mu  ud  6wi(*  Koani   «r  I- 


Owp^MI. 


BMkiml^atSM   lirM.r.v<v 
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